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Abstract
Soils do not have specific properties like materials such as concrete and steel. The goal of this project is
to measure these specific properties through field and laboratory tests-and to show how the
information relates to engineering analysis and design.
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Visual Identification
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Visual Identification Student Handout
Purpose
During drilling and sampling operations, the first classification of a soil has to be done quickly and
accurately. The engineer will see all the different soils in real time as the operations are occurring and
must classify them on the spot. Some of these classifications are verified later in the lab but the
majority are classified based on the similarities in the tested sample and the visual manual procedure.
In this lab, you will conduct a visual-manual classification for a variety of soils.

Standard Reference
ASTM D 2488 – Standard Practice for Description and Identification of Soils

Terminology
Clay – soil passing a No. 200 sieve that can be made to exhibit plasticity within a range of water
contents, and that exhibits considerable strength when air-dry. For classification, a clay is a fine-grained
soil, or the fine-grained portion of a soil, with a plasticity index equal to or greater than 4, and the plot
of plasticity index versus liquid limit falls on or above the “A” line.
Silt – Soil passing a No. 200 sieve that is non-plastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-grained soil, or the fine-grained portion of a soil,
and the plot of plasticity index versus liquid limit falls below the “A” line.
Sand – Particles of rock that will pass a No. 4 sieve and be retained on a No. 200 sieve. Sand can be
divided into the following categories:




Coarse – passes a No. 4 sieve and is retained on a No. 10 sieve.
Medium – Passes the No. 10 sieve and is retained on the No. 40 sieve.
Fine – Passes the No. 40 Sieve and is retained on the No. 200 sieve.

Gravel – Particles of rock that will pass a 3” sieve and be retained on a No. 4 sieve. Gravel can be
divided into the following categories:



Coarse – passes a 3” sieve and is retained on the ¾” sieve.
Fine – passes a ¾” sieve and is retained on the No. 4 sieve.

Cobble – Particles of rock that will pass a 12” sieve and be retained on a 3” sieve.
Boulder – Particles of rock that will not pass a 12” sieve.

Materials and Equipment
1.
2.
3.
4.

3 – 5 soil samples
Large containers/tubs
Ground glass plate
Deionized water

Descriptive Information for Soils
Angularity – Describe the angularity of the sand (coarse size only), gravel, cobbles, and boulders using
the criteria in Table 1-1. A range of angularity may be stated.
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Table 1-1: Criteria for Describing Angularity of Coarse-Grained Particle

Description
Angular
Subangular
Subrounded
Rounded

Criteria
Particles have sharp edges and relatively plane sides with unpolished surfaces.
Particles are similar to angular but have corners and edges.
Particles have nearly plane sides but have rounded corners and edges.
Particles have smoothly curved sides and no edges.

Shape – Describe the shape of the gravel, cobbles, and boulders as flat, elongated, or flat and elongated
if they meet the criteria in Table 1-2. Otherwise, do not mention the shape. Indicate the fraction of the
particles that have the shape.
Table 1-2: Criteria for describing particle shape

The particle shape shall be described as follows where length, width, and thickness refer to the
greatness, intermediate, and least dimensions of a particle respectively
Description
Criteria
Flat
Particles with width/thickness > 3
Elongated
Particles with length/width > 3
Flat and elongated
Particles meet criteria for both flat and elongated
Color – Describe the color for moist soils. If the color represents a dry condition, it should be noted.
Odor – Describe the odor if the sample is organic or unusual.
Moisture Condition – Describe the moisture condition as dry, moist, or wet in accordance with the
criteria in Table 1-3.
Table 1-3: Criteria for describing moisture conditions

Description
Dry
Moist
Wet

Criteria
Absence of moisture, dusty, dry to the touch
Damp but no visible water
Visible free water, usually soil is below water table

Consistency – For intact fine-grained soil, describe the consistency as very soft, soft, firm, hard, or very
hard in accordance with the criteria in Table 1-4. This observation is inappropriate for soils with
significant amounts of gravel.
Table 1-4: Criteria for describing consistency

Description
Very soft
Soft
Firm
Hard
Very Hard

Criteria
Thumb will penetrate soil more than 1”.
Thumb will penetrate soil about 1”.
Thumb will indent soil about ¼”.
Thumb will not indent soil but will readily indent with thumbnail.
Thumbnail will not indent soil.
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Range of Particle Sizes – For gravel and sand components, describe the range of particle sizes within
each component. For example, about 20% fine to coarse gravel, about 40% fine to coarse sand.
Maximum Particle Size – Describe the maximum particle size found in the sample for each size
classification. For sand, describe as fine, medium, or coarse. For gravel, describe particle size as the
largest sieve opening that the particle will pass through.

Procedure for Identifying Fine-Grained Soils (contains less than 50% coarse soil)
Select a representative sample of material for examination. Remove particles larger than the No. 40
sieve until a handful of material is available. Use this specimen for performing the dry strength,
dilatancy, and toughness tests.
Dry Strength – Select a dry lump of about ½” in diameter. Test the strength of the dry pieces by
crushing between the fingers. Note the strength as none, low, medium, high, or very high in accordance
with the criteria in Table 1-5.
Table 1-5: Criteria for describing dry strength

Description
None
Low
Medium
High
Very high

Criteria
The dry specimen crumbles into powder under mere pressure of handling.
The dry specimen crumbles into powder with some finger pressure.
The dry specimen breaks into pieces or crumbles with considerable finger pressure.
The dry specimen cannot be broken with finger pressure.
The dry specimen cannot be broken with thumb and a hard surface.

Dilatancy – From the representative sample of the fine-grained material, mold a ball about ½ in.
diameter. Add water if necessary to achieve a soft, but not sticky consistency. Holding the ball in the
palm of your hand, shake horizontally, striking the side of the hand vigorously with the other hand.
Note the reaction of water appearing on the surface of the soil. Squeeze the sample by closing the hand
or pinching the soil between the fingers, and note the reaction as none, slow, or rapid in accordance
with the criteria in Table 1-6.
Table 1-6: Criteria for describing dilatancy

Description
None
Slow
Rapid

Criteria
No visible change in specimen.
Water appears slowly on the surface during shaking and does not disappear or
disappears slowly upon squeezing.
Water appears quickly during shaking and disappears quickly during squeezing.

Toughness – Following completion of the dilatancy test, shape the test specimen into an elongated
worm and roll by hand on a smooth surface into a thread about 1/8” in diameter. Fold the thread and
reroll repeatedly until the thread crumbles at a diameter of about 1/8”. The crumbling of the thread
represents when the soil is near the plastic limit. Note the pressure required to roll the thread near the
plastic limit. Also note the strength of the thread. After the thread crumbles, the pieces should be
lumped together and kneaded until the lump crumbles. Note the toughness of the material during
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kneading. Describe the toughness of the thread and lump as low, medium or high in accordance with
the criteria in Table 1-7.
Table 1-7: Criteria for describing toughness

Description
Low
Medium
High

Criteria
Only slight pressure is required to roll the thread near the plastic limit. The thread and
lump are soft and weak.
Medium pressure is required to roll the thread near the plastic limit. The thread and
lump have medium stiffness.
Considerable pressure is needed to roll the thread near the plastic limit. The thread
and lump have very high stiffness.

Plasticity – On the basis of observations made during the toughness test, describe the plasticity of the
material in accordance with the criteria given in Table 1-8.
Table 1-8: Criteria for describing plasticity

Description
Nonplastic
Low
Medium

High

Criteria
A 1/8 in. thread cannot be rolled at any water content.
The thread can barely be rolled and the lump cannot be formed when drier than the
plastic limit.
The thread is easy to roll and not much time is required to reach the plastic limit. The
thread cannot be rolled after reaching the plastic limit. The lump crumbles drier than
the plastic limit.
It takes considerable time rolling and kneading to reach the plastic limit. The thread
can be rolled several times after reaching the plastic limit. The lump can be formed
without crumbing when drier than the plastic limit.

Identify the soil as follows:
Table 1-9: Identification of Inorganic Fine-Grained Soils from Manual Test

Soil Symbol
ML
CL
MH
CH

Dry Strength
None to low
Medium to high
Low to medium
High to very high

Dilatancy
Slow to rapid
None to slow
None to slow
None

Toughness
Low
Medium
Medium
High

Once the soil symbol has been identified, use Figure 1-1 to determine the group name.
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Figure 1-1: Flow Chart for Identifying Inorganic Fine-Grained Soil (50% or more fines) ASTM D2488 – 00

Procedure for Identifying Coarse-Grained Soils (contains less than 50% fines)
1. The soil is a gravel if the percentage of gravel is estimated to be more than the percentage of
sand.
2. The soil is a sand if the percentage of gravel is estimated to be equal to or less than the
percentage of sand.
3. The soil is a clean gravel or clean sand if the percentage of fines is estimated to be 5% or less.
4. Identify the soil as well-graded gravel, GW, or as a well graded sand, SW, if it has a wide range of
particle sizes and substantial amounts of the intermediate particle sizes.
5. Identify the soil as poorly graded gravel, GP, or as a poorly graded sand, SP, if it consists
predominantly of one size, or it has a wide range of sizes with some intermediate sizes obviously
missing.
6. The soil is either a gravel with fines or a sand with fines if the percentage of fines is estimated to
be 15% or more.
7. Identify the soil as clayey gravel, GC, or clayey sand, SC, if the fines have the properties of clay.
8. Identify the soil as a silty gravel, GC, or a clayey sand, SC, if the fines have the properties of silt.
9. If the soil is estimated to contain 10% fines, give the soil a dual identification using two group
symbols. The first group symbol shall correspond to a clean gravel or sand (GW, GP, SW, SP) and
the second symbol shall correspond to a gravel or sand with fines (GC, GM, SC, SM). The group
name shall correspond to the first group symbol plus the words “with clay” or “with silt” to
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indicate the plasticity characteristics of the fines. For example: “well-graded gravel with clay,
GW-GC” or “poorly-graded sand with silt, SP-SM.”
10. If the specimen is predominantly sand or gravel but contain as estimated 15% or more of the
other coarse-grained constituent, the words “with gravel” or “with sand” shall be added to the
group name. For example: “poorly graded gravel with sand, SP” or “clayey sand with gravel,
SC.”
11. If the field sample contains any cobbles or boulders, or both words “with cobbles” or “with
cobbles and boulders” shall be added to the group name. For example: “silty gravel with
cobbles, GM.”
12. Figure 1-2 presents a flow chart to follow once the major constituent of a soil sample has been
determined.

Figure 1-2: Flow Chart for Identifying Coarse-Grained Soils (less than 50% fines) ASTM D2488 – 00
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Instructor Notes
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Set up time for the instructor: 1 hour
Level of difficulty for students: 2/5
Time to complete lab: 1.5 hours per group. Up to 3 groups of 3 can participate at the same time.
Contacts for soil:
Robert Smith – Construction project manager for the Physical Facilities at Tech. rsmith@mtech.edu
Casey Austin – Swank Construction project manager, 406-431-9860
Pioneer Concrete – 406-723-5435





Classification of soils must be done because unlike materials like steel and concrete, soils do not
have standardized properties.
Visual classification is the first step in the geotechnical classification and is done anytime drilling
operations are conducted. Visual classifications are conducted on soils as they are encountered
in the field.
o Classification describes a soils major constituents: sand (S), gravel (G), clay (C), and silt
(W).
To give the students an idea of the range of grain sizes for the different categories, there are a
large variety of grain sizes in individual zip lock bags. Before the students show up for lab,
deposit each bag into a different container so they can see the range of gravel and sand, as well
as the different fines. Each bag has the grain sizes identified.
o In Figure 1-3, number 1,2,3, and 4 are all gravels. In Figure 1-4, numbers 5,6, and 7 are
all sands. The circular dish contains a sample of fine material.
o Fine materials include silt and clay and are the materials that pass through a No. 200
sieve.
o You can also show the students the 3 inch, ¾ inch, No.4, No. 10, No. 40, and No. 200
sieves for reference.

Figure 1-3: Samples of gravel
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Figure 1-4: Samples of sand

Procedure:




The materials for the visual classification should be in the same drawer as the samples to show
the different grain sizes. There should be at least 5 samples.
The easiest way to teach the method is to classify three or four of the sample with the class and
have them work along with you.
The first step is to determine visually if there are more fines or coarse material by weight.
Coarse material includes sand and gravel. Fine materials include silt and clay.
Sand – Particles of rock that will pass a No. 4 sieve and be retained on a No. 200 sieve. Sand can
be divided into the following categories:




Coarse – passes a No. 4 sieve and is retained on a No. 10 sieve.
Medium – Passes the No. 10 sieve and is retained on the No. 40 sieve.
Fine – Passes the No. 40 sieve and is retained on the No. 200 sieve.

Gravel – Particles of rock that will pass a 3 in sieve and be retained on a No. 4 sieve. Gravel can
be divided into the following subdivisions:



Coarse – passes a 3” sieve and is retained on the ¾” sieve.
Fine – passes a ¾” sieve and is retained on the No. 4 sieve.

Fine – any material that passes through the No. 200 sieve.


If you determine that there is more coarse than fine material, you must note the angularity
(gravel and coarse sand), shape (gravel, cobbles, and boulders), color, odor, range of particle
sizes, maximum particle size,
o You have to decide what percentage of the material is sand and what percentage of the
material is gravel.
o If there is less than 5 percent fines, the fines are ignored in the group name and symbol.
o If there is between 5 and 15 percent fines, the soil receives a dual classification.
o If there is greater than 15 percent fines, the soil receive a single classification that
includes the fine.
o Follow the flow chart shown in Figure 1-2 to determine the symbol and group name.
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If you determine that there is more fine than coarse material, you must then conduct the dry
strength, dilatancy, toughness, and plasticity tests.
o The dry strength test is conducted by squeezing a small sample between your fingers.
The amount of effort required to break apart the sample describes the dry strength.

Figure 1-5: Dry Strength Test

o

The dilatancy test requires a small ball of the fine sample to be molded. Cupping the
sample in your hand and tapping the side of the hand with sample with the other hand
should cause water to precipitate on the surface of the ball. When pressing on the
center of the sample, the water will disappear. Dilatancy is the rate at which the water
appears and disappears during the test. The dilatancy test is shown in Figure 1-6.

Figure 1-6: Dilatency Test

o

The toughness and plasticity test requires rolling a worm of moist soil. Starting with a
small ball you want to apply pressure between your fingers and a table or a glass plate
to create the worm. If you can roll the worm to a diameter of 1/8” without it breaking
apart, more moisture needs to be extracted from the soil. This can be done by rolling
1-11

the ball around in your hand. How difficult it is to roll the worm defines the toughness.
How the soil reacts after crumbling at 1/8” defines the plasticity. The plasticity and
toughness tests are shown in Figure 1-7.

Figure 1-7: Toughness and Plasticity Test

Visual Classification was conducted on the following samples:
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Figure 1-8: Sandy Silt





The main constituent is fines but there is also approximately 20% sand.
The fines have no dry strength, slow dilatancy, and a thread could not be formed.
From Table 1-9, the soil symbol is ML. The group name is sandy silt from following the flow chart
in Figure 1-1.

Figure 1-9: Well Graded Gravel




The main constituent is gravel with minimal amounts of sand and less than 5 percent fines.
There is a large range of gravel sizes
1-13




The gravel is mostly sub angular with the largest particles being coarse gravel.
The soil symbol is GW. The group name is well-graded gravel.

Figure 1-10: Clayey Sand with Gravel and Cobbles






The main constituent is well graded sand but there is also approximately 15% gravel, 30% fines,
and cobbles
The fines have high dry strength, no dilatancy, and high toughness and plasticity.
o From Table 1-9, the soil symbol for the fines is CH.
The gravel is sub angular to sub rounded.
The soil symbol is SC. The group name is clayey sand with gravel and cobbles.
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Figure 1-11: Fat Clay





The main constituent is fines.
The fines have very high dry strength, no dilatancy, and a high toughness.
The soil symbol is CH. The group name is fat clay.
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Soil Mechanics Lab
Visual Classification Sample Lab Report
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Introduction
The purpose of the first lab was to practice and gain an understanding of the techniques used to visually
classify a soil. Visual classification is the first classification step during field operations. It includes
characteristic of the soil such as color, odor, soil constituent, percentages of soil constituents, particle
shape, and particle distribution. Soils coming from drillings or borings are visually classified by an
engineer as they are produced. This helps the engineer quickly identify potential problems that may
result from poor soil.
Procedure
In this lab, several samples were provided for visual inspection. The majority of the samples were
analyzed as a class and a single sample was visually identified by each group. The first step in the visual
classification process is to determine if there are more fines or coarse grained soils by weight. Coarse
grained soils are classified as gravel (passes 3 in. sieve and retained on a No. 4 sieve) and sand (passes
No. 4 sieve and is retained on the No. 200 sieve). Fine grained soils are clays and silts and pass the No.
200 sieve. If the soil has more than 50% fines by weight, a plasticity, toughness, dilatancy, and dry
strength test were conducted. The group symbol of the soil could be determined from those results.
The group name was determined by using a flow chart shown in Figure 1-12 and the approximate
percentage of sand and gravel in the sample.

Figure 1-12: Flow Chart for Identifying Inorganic Fine-Grained Soil

If the soil has more than 50% coarse material by weight, it is classified as a sand or gravel based on
which constituent has a higher percentage. If there is more than 5% fines in the coarse sample, the
same fine tests need to be conducted to determine the group symbol and group name. Figure 1-13
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shows the flow chart used to visually classify coarse grained soils.

Figure 1-13: Flow Chart for Identifying Coarse-Grained Soils

Data and Results
Visual classification was done for a single soil by each group. We determined the main constituent to be
sand at approximately 80% by weight. The sand appeared to have a large variety of grain sizes which
made it well graded. The gravel was approximately 10% by weight and was sub-angular. The fines were
approximately 10% by weight. The tests for the fine grained soil were conducted next. The soil had a
medium dry strength, zero dilatancy, medium toughness and medium plasticity. The fine grained
portion of the soil has a symbol of MH. Following the flow chart the symbol for the soil is SW-SM. The
group name for the soil is well graded sand with silt.
Conclusion
Visual classification is based primarily on personal judgement but it is very important in understanding
how a soil will act. With practice, visual classification should be close to the classification after lab
testing is conducted on a soil sample. Because visual classification is the first step in identifying soils,
care should be taken to ensure accurate results.
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Particle Size Analysis
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Particle Size Analysis of Soils Student Handout
Purpose
The particle size distribution of a soil (also called a gradation curve) is primarily used for classification
purposes. The distribution of particle sizes larger than 0.075 mm (retained on the No. 200 sieve) is
determined by sieving, while distribution of particles sizes smaller than 0.075 mm (passing the No. 200
sieve) is determined by sedimentation process using a hydrometer. During this laboratory session, we
will only be testing those particles greater than 0.075 mm.

Standard Reference
ASTM D 6913 – 04 Standard Test Methods for Particle-Size Distribution (Gradation) of Soils Using Sieve
Analysis

Materials and Equipment



A scale sensitive to 0.01 g
Sieves, bottom pan, and lid (Table 2-1 provides a list of sieves used in this lab.)
Table 2-1: Sieve Sizes

Chapter 2 Sieve
No.
Chapter 4 ½”
Chapter 6 4
Chapter 8 10
Chapter 10 40
Chapter 12 60
Chapter 14 100
Chapter 16 200



Chapter 3 Opening
(mm)
Chapter 5 12.5
Chapter 7 4.76
Chapter 9 2.00
Chapter 11 0.420
Chapter 13 0.250
Chapter 15 0.150
Chapter 17 0.075

Mechanical Sieve Shaker
Soil splitter

Sample Size
The size of the sample (i.e., the amount of soil) will depend on the maximum size of the particles present
in the sample itself, according to Table 2-2:
Table 2-2: Mass of Test Samples

Nominal Diameter of Largest Particles
in. (mm)
3/8 (9.5)
3/4 (19.0)
1 (25.4)
1.5 (38.1)
2 (50.8)
3 (76.2)

Approximate Mimimum Mass of Portion
(g)
500
1000
2000
3000
4000
5000
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Procedure
1. Clean each sieve to remove any soil left over from previous tests. To do this, turn each sieve upside
down and gently tap on a sheet of paper. Take care not to damage the mesh.
2. Measure and record the mass of each sieve, including the bottom pan.
3. Obtain the appropriate amount of sample (300-500 g). Use the soil splitter if the sample is in larger
sizes.
4. Weigh and record the mass of the sample selected.
5. Assemble the sieves in order from largest to smallest so that the coarsest is at the top and the finest is
on the bottom followed by the pan.
6. Pour the sample on to the top sieve taking care not to lose any of the mass and place the lid securely
on top.
7. Place the set of sieves in the sieve shaker and adjust the clamps to secure the sieves.
8. Set the timer to 10 minutes. The amplitude of each sieve shakers is set before lab, so don’t adjust the
amplitude.
9. Remove the sieves from the sieve shaker after the 10 minute shaking period.
10. To ensure that all the particles passed though the appropriate sieve, gently tap each sieve over a
sheet of paper, starting with the top sieve. Put any material that falls on to the paper into the next sieve
and repeat the process with the next sieve.
11. Measure and record the mass retained in each sieve.
12. Sum the mass of the material retained on each sieve to verify that there has been no change in the
total mass of the sample. (Note: A mass loss of less than 2% is acceptable.)

Calculations
1.
2.
3.
4.
5.
6.
7.

Determine the weight of soil that is retained on each sieve
Calculate the weight of soil passing each sieve
Calculate the percent passing each sieve
Plot the Percent passing values on the grain size analysis chart provided
Calculate coefficient of uniformity (CU)
Calculate coefficient of curvature (Cc)
Calculate the % gravel, % sand, and % fines
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Sieve Analysis
Description:
Date:

Sieve
Size

No.

Weight of Sieve Weight of Sieve Weight Retained Weight Passing
(g)
and Soil (g)
(g)
(g)

% Passing (%)

Sum
Initial Weight
Loss of Weight
Percent Loss
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Instructor Notes
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Set up time for the instructor: 2 hours. The most time-consuming part of the setup is drying the soil.
Level of difficulty for students: 2/5
Time to complete lab: 1 hour per group. Up to 2 groups of 3 can participate at the same time.

Sample Preparation:
1. Samples need to be completely dry to run the sieve analysis.
 If sample is not dry, place enough sample for each group in the class to have 300-500 g
of sample for sieving.
2. Grind up the sample in the large mortar and pestle. Be careful not the grind too hard because
the purpose is the break up the chunks of soil and not the change the grain sizes by breaking the
individual particles.

Figure 2-1: Soils Lab Mortar and Pestle

Lecture


Draw a grain size distribution chart as shown in Figure 2-2.
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Figure 2-2: Grain Size Distribution Chart:

o
o
o
o

Well graded soil (has some of every grain size included in the sample)
Poorly graded soil (indicated that the soil is uniform)
Gap Graded (indicates that intermediates soil sizes are missing)
D60, D30, D10 (The sieve diameter that 60, 30, and 10 percent of the sample passes
through)

o

Cu – Coefficient of Uniformity, 𝐷60

𝐷

10

o
o
o
o
o

Cc – Coefficient of Curvature,

(𝐷30 )2
𝐷60 ∗𝐷10

 Coefficients are used in USCS classification.
%Gravel – percentage of material that passes the 3” sieve and is retained on the No. 4
%Sand – percentage of material that passes the No. 4 and is retained on the No. 200
%Fine – percentage of material that passes the No. 200
It is difficult to measure the size of soils passing the No. 200 with sieves. Soil behavior
more important than soil size for soils passing the No. 200.
 Can be classified with a hydrometer test but is beyond the scope of this lab
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Sieve handling
o DO NOT push the soil through the sieves to clean them.
o Clean them by tapping them a few times on a piece of paper.
o Place sieves carefully on the scale when weighing them both before and after sieving.
o Stack sieves with the largest opening on the top and the smallest on the bottom.

Figure 2-3: Proper Sieve Stack

o

Make sure that the students save all minus No. 40 material for Atterberg Limits
testing. That means soil on the No. 40 sieve should be thrown away while everything
smaller should be saved.

Procedure

The instructor should go through the procedure with the students before allowing them to start
the lab to ensure their safety and to protect the equipment. The lab only has a couple full sets
of sieves that are used between many classes so ensuring they are used properly should be a top
priority.
1. Clean each sieve to remove any soil left over from previous tests. To do this, turn each sieve
upside down and gently tap on a sheet of paper. Take care not to damage the mesh.
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Figure 2-4: Proper Sieve Cleaning Techniques

Tapping the sieves removes as much of the soil that is stuck in the mesh without damaging it.
Trying to brush out or push the soil through the mesh can deform the mesh and ruin the sieve.
2. Measure and record the mass of each sieve, including the bottom pan.

Figure 2-5: Proper placement of the sieve on the scale

All of the sieves will fit on the scale if you adjust them correctly. Ensure that all 4 corners of the
sieve are balanced on the scale or the reading will be inaccurate.
1. Obtain the appropriate amount of sample. (300-500 g) Use the soil splitter if the sample is in larger
sizes.
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Figure 2-6: Soil Splitter Setup

The soil splitter is located under the counter next to the oven. Splitting the soil rather than
simply scooping out the required mass allows for an even distribution of the grain sizes between
the two samples. If there are gravel pieces that don’t fit in the splitter, manually split them
between the two samples using your best judgement.
4. Weigh and record the mass of the sample selected.

Figure 2-7: Sample Amount

It is important to weigh the sample before sieving so that the results of the sieve analysis can be
double checked. If the sum of the retained weight is more than 2% different than the weight of
the sample before sieving, there was a math error or the sieve test needs to be done again.
5. Assemble the sieves in order from largest to smallest so that the coarsest is at the top and the finest is
on the bottom followed by the pan.
Check the plate on the side of the sieve for the size of the mesh. The size of the sieve itself is not
an indicator of the mesh size. Having the largest mesh size at the top will allow the smaller
particles to pass through and get caught on the appropriate sieve.
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6. Pour the sample on to the top sieve taking care not to lose any of the mass and place the lid securely
on top.
Pour the samples slowly to avoid losing the smaller particles. Shake the sieves gently if you have
a large sample so that the soil does not spill over the top of the largest sieve.
7. Place the set of sieves in the sieve shaker and adjust the clamps to secure the sieves.

Figure 2-8: Sieve Shaker Setup

There are 2 working sieve shakers in the lab, each with a specific way to lock the sieves in place.
The shaker on the left uses straps and a lid to secure the sieves while the shaker on the right uses
a weighted lid and clamps to secure the sieves.

8. Set the timer to 10 minutes. The amplitude of each sieve shakers is set before lab, so don’t
adjust the amplitude.

Figure 2-9: Left Sieve Shaker Amplitude

The shaker on the left needs to be adjusted every time a new sieve stack is placed on it. Adjust
the straps so that the magnitude reaches a 2 on the lid when the shaker is started. The two lines
will appear to come together.
9. Remove the sieves from the sieve shaker after the 10 minute shaking period.
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Remove the lids from the sieve stack and be careful not to lose part of the stack when moving it.
10. To ensure that all the particles passed though the appropriate sieve, turn over and gently tap each
sieve over a sheet of paper, starting with the top sieve. Put any material that falls on to the paper into
the next sieve and repeat the process with the next sieve.
This step is especially important for the smaller mesh sizes. The smaller particles can stick to the
bottom of the sieve so even though they passed through the mesh, they are stuck in the sieve.
Tapping each sieve on a piece of paper dislodges those particles and allows you to place the
material in the appropriate sieve for weighing.
11. Measure and record the mass retained in each sieve.
Again, be sure that each sieve is entirely on the scale before recording any data.
12. Sum the mass of the material retained on each sieve to verify that there has been no change in the
total mass of the sample. (Note: A mass loss of less than 2% is acceptable.)
Calculations
1. Determine the weight of soil that is retained on each sieve
Retained Weight = (weight of sieve and soil) – (weight of sieve)
2. Calculate the weight of soil passing each sieve
Passing Weight = (sum of retained weight) – (retained weight)
3. Calculate the percent passing each sieve

𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑤𝑒𝑖𝑔ℎ𝑡
× 100
𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡𝑠
4. Plot the Percent passing values on the grain size analysis chart provided
5. Calculate CU – Coefficient of uniformity

𝐷60
𝐷10
6. Calculate Cc – Coefficient of curvature

𝐷30 2
(𝐷60 × 𝐷10 )
7. Calculate the % gravel, % sand, and % fines
% gravel = 100 - % passing No. 4
% sand = % passing No. 4 - % passing No. 200
% fines = % passing No. 200
The % of the different sizes of sands are used in classifying the soil in the Unified Soil
Classification System (USCS) as well as the American Association of State Highway and
Transportation Officials (AASHTO) systems.
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Soil Mechanics Lab
Sieve Analysis Sample Lab Report
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Introduction
This lab was conducted to sieve the soils taken from the new dormitory project currently being
constructed on the MT Tech campus. Sieve analysis separates the soils into gravels, sands, and fines.
The percentages of each constituent are part of what goes into the Unified Soil Classification System
(USCS). The Atterberg Limit Test, which will be conducted at a later date, is the second part of the USCS.
Sieve analysis is important to a geotechnical engineer because the distribution of the grain sizes often
plays a critical role in how a material will perform in use.
Procedure
1. Weigh approximately 500g of the soil sample.
2. Clean and weigh the following sieves: 1/2”, No. 4, No. 10, No. 40, No. 60, No. 100, No. 200, and
the pan.
3. Stack the sieves with the largest opening on the top and the smallest openings on the bottom.
4. Pour the sample into the stack of sieves and put the cover on the top.
5. Start the sieve shaker and let it run for 10 minutes.
6. Weigh each sieve individually and record the weights again.
7. Use the equations shown in the equation section to determine the passing and percent finer.
Calculations
Retained Weight = (weight of sieve and soil) – (weight of sieve)
598.72 – 570.40 = 28.32 g
Passing Weight = (sum of retained weight) – (retained weight)
454.4 – 28.32 = 426.08 g
𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑤𝑒𝑖𝑔ℎ𝑡

% passing = 𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡𝑠 × 100
426.08
×
454.4

100 = 93.7%

% gravel = 100 - % passing No. 4
100 – 88.2 = 11.8%
% sand = % passing No. 4 - % passing No. 200
88.2 – 15.9 = 72.3
% fines = % passing No. 200
15.9%
Cu =

𝐷60
𝐷10

=

0.7
0.05

𝐷30 2
60 ×𝐷10 )

Cc = (𝐷

= 14
=

0.22
(0.7×0.05)

= 1.14
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Data and Results
Sieve analysis was conducted on the soil from the new Montana Tech dormitory. The results from the
sieve analysis are shown in Table 2-3.
Table 2-3: Sieve Analysis Results

Size

Sieve No.

12.5 mm

1/2"

4.75 mm

4

2.0 mm

10

425 μm

40

250 μm

60

150 μm

100

75 μm

200

Pan

Pan

Weight of Sieve Weight of Sieve Weight Retained, Weight Passing
(g)
and Soil (g)
(g)
Wi (g)
570.4

598.72

28.32

426.08

93.77%

438.24

463.35

25.11

400.97

88.24%

455.89

481.88

25.99

374.98

82.52%

309.18

475.02

165.84

209.14

46.03%

346.27

396.13

49.86

159.28

35.05%

331.45

371.08

39.63

119.65

26.33%

329.9

376.85

46.95

72.7

16.00%

362.5

435.2

72.7

0

0%

Sum
% Gravel
% Sand
% Fines

11.76%
72.24%
16.00%

% Passing (%)

Initial Weight
Loss of Weight
Percent Loss

454.4
456.09
1.69
0.37%

As can be seen in Table 2-3, this sample was 11.8% gravel, 72.3% sand, and 16.0% fines. Using the grain
size distribution curve, shown in Figure 1, the D60, D30, and D10, were found to be 0.05 mm, 0.2 mm and
0.7 mm. The Cu and CC were calculated to be 14 and 1.14. These coefficients are used in determining
the gradation of the soil. Because Cu>6 and 1≤CC≤3, the soil is a well graded sand. You can also see this
in Figure 2-10 because there are no gaps of soil sizes.
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Figure 2-10: Grain Size Distribution Graph

Conclusion
The purpose of this lab is to perform a sieve analysis on the soil from the new dormitory on the MT Tech
campus. The results of the sieve analysis showed the soil to be well graded. Well graded soils are
generally better for building because they are less prone to liquefaction than poorly graded soils. From
the results of the sieve analysis, this would be a good soil on which to construct a new building.
Combining the results of this sieve analysis with Atterberg Limits tests will provide a complete USCS
classification of the soil and allow more conclusions to be reached.
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Atterberg Limits
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Atterberg Limits Student Handout
Purpose
The liquid limit, plastic limit, and plasticity index are used extensively to correlate with engineering
behavior of soils such as compressibility, hydraulic conductivity, shrink-swell, and shear strength.
Depending on the water content, soil may appear in four states: solid, semi-solid, plastic, and liquid. The
boundary between each state can be defined by the change in the soil’s behavior. The liquid limit
divides the plastic and liquid phases and is determined using a Casagrande cup, also called a liquid limit
cup. The plastic limit divides the semi-solid and the plastic phases and is determined using the rollout
procedure.

Standard Reference
ASTM D4318 – Standard test method for liquid limit, plastic limit, and plasticity index of soils.

Materials and Equipment











Liquid limit device cup
Grooving tool
Mixing cup
Soil passing the No. 40 sieve
Scale with accuracy of 0.001 g
Distilled water
Water content cups
Spatula and mixing tools
Ground glass plate
Metal rod, 3.2 mm diameter

Procedure for Liquid Limit (multipoint method)
1. Inspect the liquid limit device.
 Worn spots on the base should be no greater than 3/8” in diameter.
 Wear on the cup should be no greater than 0.004” deep.
 The cup hanger should not vary more than 3 mm 1/8 in in side to side movement.
 The cam should not drop the cup before the cup hanger loses contact with the cam.
2. Calibrate the liquid limit device.
3. Weigh the water content cups.
4. Thoroughly mix the soil with distilled water to reach a consistency of crunchy peanut butter.
 The liquid limit is defined as the water content at which the soil will flow when
subjected to a small shearing force. The Casagrande cup requires 25 blows from a
height of 10 mm to determine the liquid limit.
 Due to the difficulty of achieving this closure in exactly 25 blows, three trials are
conducted that close the length between 15 to 25 blows, 25 to 35 blows, and 20 to 30
blows. Plotting these three points on a semi-log plot will allow you to determine the
liquid limit.
5. Place a portion of the soil into the cup of the liquid limit device. Spread the mixture horizontally
across the cup to a depth of 10mm at the deepest point.
6. Form a groove in the soil by drawing the tool directly through the sample.
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7. Turn the crank on the Casagrande cup at a rate of 2 drops per second.
8. Record the number of drops, N, required to close a groove of ½” in the sample.
9. If the number of blows falls in one of the ranges explained previously, cut a ½” portion out of
the center of the cup and place in a water content cup.
10. Weigh the water content cup after placing the sample in it and place the cup in the drying oven.
11. Mix the sample left in the cup with the rest of the sample not used for the first test.
12. Repeat steps 4 through 11 to get a closure in the other two ranges.
13. Weigh the water content cups after they have completely dried in the oven.
14. Plot the relationship between the water content (w) and the number of drops.

Procedure for Liquid Limit (single point method)
Follow the steps of the procedure for the liquid limit (multipoint method). The number of blows for the
single point method must fall between 20 and 30. Using the following equation, the LL can be
determined.
𝑁
𝐿𝐿 = 𝑤( )0.121
25
The liquid limit is the average of 2 trials.

Procedure for Plastic Limit
1. Grab a small portion (about 20 g) of soil from the liquid limit test.
2. Reduce the water content slowly by rubbing the soil sample around in your hand.
3. Form a small ball (1/2” diameter) and roll the ball between the tips of your fingers and the glass
plate. Roll the soil sample out until it reaches a diameter of 1/8”.
 If the soil sample does not break apart at 1/8”, roll the soil back into the ball and repeat
step 3.
4. After step 3 has been repeated to the point that the thread breaks apart at 1/8”, collect the
broken pieces and place them in pre-weighed water content lids.
5. Weigh the water content lids and place them in the oven.
6. Repeat steps 1 through 5 for two additional samples.

Calculations and Data Tables
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Atterberg Limit
Description:
Date:

Liquid Limit Determination
1

2

3

4

5

Can No.
Number of drop (N)
Mass of Can (g)
Mass of wet soil and can (g)
Mass of dry soil and can (g)
Mass of dry soil (g)
Mass of water (g)
Water Content (%)

Multipoint method liquid limit =
Single point liquid limit =

%
%

Liquid Limit =
Plastic Limit =
Plasticity Index =

Plastic Limit Determination
1

2

3

4

5

Can No.
Mass of Can (g)
Mass of wet soil and can (g)
Mass of dry soil and can (g)
Mass of dry soil (g)
Mass of water (g)
Water Content (%)
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Instructor Notes
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Set up time for the instructor: 20 minutes
Level of difficulty for students: 4/5
Time to complete lab: 1.5 hours per group. Up to 3 groups of 3 can participate at the same time

Samples Preparation


Samples for the Atterberg Limits tests should be saved from the previous sieve analysis lab. The
students should have saved all the material that passed the No. 40 sieve. About 200 g of fine
material is required to run both the liquid limit and plastic limit tests.

Lecture



As the water content of a soil increases, it will change from behaving like a solid to a semi-solid
to a plastic and finally to a liquid.
The water content at these phase changes are the shrinkage limit, plastic limit, and liquid limit
respectively.
o The liquid limit is determined using a Casagrande cup and the flow method. The flow
method, shown in Figure 3-1 correlates the number of blows of the Casagrande cup and
the moisture content to determine the liquid limit.

Figure 3-1: Flow Method Chart

o

 The number of blows is on a log scale.
 Show an example of this after showing the students how the test is conducted.
The plastic limit is determined using the rollout method.
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The difference between the plastic limit and the liquid limit is known as the plasticity index (PI).
o Generally soils with higher PI tend to be clays while soils with low PI tend to be silt.
o The PI is a measure of how much water it takes to change a soil from semi-solid to a
liquid. A higher number means it requires more water. Soils with high PI tend to swell
with the addition of water while soils with a low PI can liquify with the addition of
water.

Procedure:
The instructor should go through the procedure with the students before allowing them to start the lab
to ensure their safety and to protect the equipment
Liquid Limit Test

Figure 3-2: Liquid Limit Equipment

Figure 3-2 shows all the equipment required to conduct the liquid limit test. Starting on the left there is
the grooving tool, the calibration block, another grooving tool, a spatula, a mixing bowl, and the
Casagrande cup.
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1. Inspect the liquid limit device.
 Worn spots on the base should be no greater than 3/8” in diameter.
 Wear on the cup should be no greater than 0.004” deep.
 The cup hanger should not vary more than 1/8” in side to side movement.
 The cam should not drop the cup before the cup hanger loses contact with the cam.
2. Calibrate the liquid limit device.

Figure 3-3: Casagrande Cup Calibration

Calibrate the liquid limit device by placing the calibration block below the cup where it hits the
base as shown in Figure 3-3. When you turn the crank of the apparatus, it should produce a
small clicking sound but produce no motion in the cup. Adjust the set screws as needed until the
device is properly calibrated. Don’t forget to tighten the screws after calibration.
3. Weigh the water content cups.
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Figure 3-4: Liquid Limit and Plastic Limit Measuring Cups

The water content cups are located in the cupboard with the Casagrande cups. The cups should
be used for the liquid limit determination and the lids for the plastic limit determination. They
should be labeled and weighed before testing is started to ensure quick measurements can be
taken after the tests are conducted.
4. Thoroughly mix the soil with distilled water to reach a consistency of crunchy peanut butter.
 The liquid limit is defined as the water content at which the soil will flow when
subjected to a small shearing force. The Casagrande cup requires 25 blows from a
height of 10 mm to determine the liquid limit.
 Due to the difficulty of achieving this closure in exactly 25 blows, three trials are
conducted that close the length between 15 to 25 blows, 25 to 35 blows, and 20 to 30
blows. Plotting these three points on a semi-log plot will allow you to determine the
liquid limit.
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Figure 3-5: Initial Sample for the Liquid Limit Test

This is a subjective part of the test. It is better to start with a sample that is too dry than too wet
because it is easier to add water than to take it out. Figure 3-5 shows a good consistency to aim
for in the initial test.
5. Place a portion of the soil into the cup of the liquid limit device. Spread the mixture horizontally
across the cup to a depth of 10 mm at the deepest point.

Figure 3-6: Sample in the Casagrande Cup
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The sample should be spread across the entire bottom half of the cup as shown in Figure 3-6. It
should be level horizontally. The grooving tool provides a convenient way to check the depth of the
sample because the tip should penetrate the deepest portion.
6. Form a groove in the soil by drawing the tool directly through the sample. See Figure 3-7.

Figure 3-7: Groove for the Liquid Limit Test

This should be done in a single motion if possible. Hold the tool perpendicular to the sample to
ensure an even groove is created. After swiping the grooving tool, you should be able to see the
bottom of the cup between the two halves of the soil.

7. Turn the crank on the Casagrande cup at a rate of 2 drops per second.
You don’t want the rate to be too slow because that will allow the moisture content of the sample to
change. Once the test is started, you want to complete the rest of the steps as quickly as possible.
8. Record the number of drops, N, required to close a groove of ½” in the sample. Figure 3-8
shows a sample at the end of a test.
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Figure 3-8: End of Liquid Limit Test

It is a good idea to have one student on the crank and one student watching the sample and
counting the number of blows. Holding a flashlight over the sample is a good way to see when the
sample is starting to close. As soon as the sample has closed ½”, the student watching the sample
should call stop and record the number of blows required.
9. If the number of blows falls in one of the ranges explained previously, cut a ½” portion out of
the center of the cup and place in a water content cup.

Figure 3-9: Sample for Moisture Content Determination
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The initial test should be on the higher range of the blow counts because it is easier to add water
than it is to remove it from the sample. If the sample is on the low end, more dry material can be
added to reach the other blow ranges. The sample should be taken from the portion that closed
together. Use a clean spatula to prevent contamination of the sample.
10. Weigh the water content cup after placing the sample in it and place the cup in the drying oven.
This step should be done as quickly as possible to prevent the sample from drying out.
11. Mix the sample left in the cup with the rest of the sample not used for the first test.
You will run out of sample if you do not reuse what was left in the cup with the rest of the sample.
When cleaning the sample out of the cup, make sure to remove the pin to prevent bending them as
bent pins will throw off the calibration of the cup.
12. Repeat steps 4 through 11 to get a closure in the other two ranges.
Thoroughly clean the Casagrande cup after each test to ensure a good test.
13. Weigh the water content cups after they have completely dried in the oven.
14. Plot the relationship between the water content (wn) and the number of drops.
The definition of the liquid limit is the water content at which a standard groove closes a length of
½” in exactly 25 blows. Using the flow method shown in Figure 3-1, 25 blows can be interpolated
from the three tests conducted.

Procedure for Plastic Limit
1. Grab a small portion (about 20 g) of soil from the liquid limit test.
The larger sample you grab for the plastic limit test, the longer the test will take.
2. Reduce the water content slowly by rubbing the soil sample around in your hand.
Because the plastic limit is at a lower water content than the liquid limit, it may require some time
rubbing the sample before the test can be conducted. Generally the sample will need to be drier to
reach the plastic limit.
3. Form a small ball (1/2” diameter) and roll the ball between the tips of your fingers and the glass
plate. Roll the soil sample out until it reaches a diameter of 1/8”.
 If the soil sample does not break apart at 1/8”, roll the soil back into the ball and repeat
step 3.
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Figure 3-10: Rolling a Worm

Slowly roll the ball onto the plate until it starts to elongate into a worm as shown in Figure 3-10. If it
reaches 1/8” and is still not close to crumbing, then more moisture needs to be removed from the
sample. Ball the sample up again and roll around in your hand to remove more of the moisture.
4. After step 3 has been repeated to the point that the thread breaks apart at 1/8”, collect the
broken pieces and place them in pre-weighed water content lids.

Figure 3-11: Worm Breaking at 1/8in.

The worm should be falling apart as it reaches 1/8”. The plastic limit will almost always be drier
than you think it will be until you have practice rolling the worm.
5. Weigh the water content lids and place them in the oven.
Because the samples are much smaller than the liquid limit tests, the lids can be used for the weight
of the samples.
6. Repeat steps 1 through 5 for two additional samples.
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The students should be in groups for these labs. Each student should conduct the plastic limit test to
get a feel for it.
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Soil Mechanics Lab
Atterberg Limits Sample Lab Report
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Introduction
This lab was conducted to determine the Atterberg limits of soils taken from the new dormitory project
currently being constructed on the MT Tech campus. Atterberg limits measure the critical water
contents of fine grained soils: liquid limit and plastic limit. The liquid limit is the water content that the
soil changes from a plastic state to a liquid state. The plastic limit is the water content at which the soil
changes from a semi-solid to plastic. The Atterberg limits are important because they help assess how a
soil will react when water is added to it. If the soils can absorb a lot of water, they will swell and can
cause building failure. The Atterberg limits are determined using a Casagrande cup for the soil passing
the No. 40 sieve from the sieve analysis.

Procedure
Liquid Limit Test
1. Obtain a liquid limit test cup, grooving tool, calibration tool, sample of soil passing the No. 40
sieve, and distilled water.
2. Calibrate the test cup. Place the calibration tool under the cup and spin the crank until a very
small movement is noted. Tighten the screws so calibration doesn’t have to be redone.
3. Mix a sample of soil with distilled water.
4. Spread the sample into the testing cup to a depth of 10 mm at the deepest point.
5. Groove the center of the cup with the tool.
6. Crank the cup and count the number of blows it takes to close a ½” gap in the groove.
7. Weigh a small container and put a portion of the sample in the cup. Reweigh the cup.
8. Three number of blow sample ranges are desired: 15-25, 25-35, 20-30.
9. Change the amount of water in the sample until you have a sample in each of the ranges.
10. After the samples have sufficient time to dry, weigh them again and record their weights.
11. Plot the number of blows and the water content to determine the liquid limit.
Plastic Limit Test
1. Take a small sample of soil and wet it in your hands.
2. Roll a worm on a glass plate.
3. If the diameter of the worm reaches 1/8” without breaking, roll the soil into the palm of your
hands to reduce the water content.
4. Repeat steps two and three until the worm falls apart at 1/8”.
5. Weigh a small container, place the sample inside and weigh it again. Once the sample has had
sufficient time to dry, weigh it again.

Data and Results
Data from the liquid limit and plastic limit tests are shown in Table 3-1 and Table 3-2.
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Table 3-1: Liquid Limit Test

1
Can No.
Number of drop (N)
Mass of Can (g)
Mass of wet soil and can (g)
Mass of dry soil and can (g)
Mass of dry soil (g)
Mass of water (g)
Water Content (%)

19
21.62
26.653
25.018
3.398
1.635
48.1

2
20
21.81
29.952
27.282
5.472
2.67
48.8

3
38
22.05
30.075
27.633
5.583
2.442
43.7

4
36
21.47
26.065
24.62
3.15
1.445
45.9

Table 3-1 shows the data from the liquid limit test. As you can see, there are tests for the lower two
ranges of drops. Due to time restrictions, the last range had to be stretched to include the last two
tests. Figure 3-12 shows the moisture content vs the number of blows which was used to determine the
plastic limit.

Figure 3-12: Liquid Limit Graph
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As you can see in Figure 3-1, the liquid limit was determined to be 46.5%.
Table 3-2: Plastic Limit Test

1
Can No.
Mass of Can (g)
Mass of wet soil and can (g)
Mass of dry soil and can (g)
Mass of dry soil (g)
Mass of water (g)
Water Content (%)

2

11.858
12.674
12.515
0.657
0.159
24.20

11.725
12.774
12.57
0.845
0.204
24.14

3
11.714
13.466
13.14
1.426
0.326
22.86

Table 3-2 shows the data from the plastic limit test. The results from the three test only vary by 1.56%
so the test was run successfully. The plastic limit was calculated a to be 23.7% (the average of the three
tests). Using the results of the 2 tests, the plasticity index was calculated to be 22.8. Because the PI is a
high number, the soil is highly plastic and can handle a large change in water content before the soil
changes states.

Calculations:
Mass of water = (mass of can and moist soil) – (mass of can and dry soil)
26.653 – 25.018 = 1.635 g
Mass of dry soil = (mass of can and dry soil) – (mass of can)
25.018 – 21.62 = 3.398 g
Moisture content =
1.635
×
3.398

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑖𝑙

× 100

100 = 48.1%

PI = LL – PL
46.5-23.7 = 22.8%

Conclusion
The purpose of this lab is to perform Atterberg Limit tests on the soil from the new dormitory on the MT
Tech campus. The results show the PL to be 23.7% and the LL to be 46.5% which led to a PI of 22.8. The
results from this test will be combined with the results from a previously conducted sieve analysis to
complete a full USCS classification.

3-57

References
Andrade, F., Al-Qureshi, H., & Hotza, D. (2011). Measuring the plasticity of clays: A review. Applied Clay
Science,51(1-2), 1-7. doi:10.1016/j.clay.2010.10.028
ASTM D4318-17e1, Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils,
ASTM International, West Conshohocken, PA, 2017, www.astm.org
Schmitz, R. M., Schroeder, C., & Charlier, R. (2004). Chemo–mechanical interactions in clay: A correlation
between clay mineralogy and Atterberg limits. Applied Clay Science,26(1-4), 351-358.
doi:10.1016/j.clay.2003.12.015

3-58

USCS Classification
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USCS Classification
Purpose
The Unified Soil Classification System (USCS) is used by engineers and geologists to describe the texture
and grain size of a soil and is represented by a two letter system. The USCS classification can be used as
a basis for engineering design in geotechnical projects. In this lab, USCS classification will be done on
soil that has been tested in previous labs.

Standard Reference
ASTM D2487 – Classification of Soils of Engineering Purposes (Unified Soil Classification System)

Terminology
Clay (C) – soil passing a No. 200 sieve that can be made to exhibit plasticity within a range of water
contents, and that exhibits considerable strength when air-dry. For classification, a clay is a fine-grained
soil, or the fine-grained portion of a soil, with a plasticity index equal to or greater than 4, and the plot
of plasticity index versus liquid limit falls on or above the “A” line (Figure 4-1).
Silt (M) – Soil passing a No. 200 sieve that is non-plastic or very slightly plastic and that exhibits little or
no strength when air dry. For classification, a silt is a fine-grained soil, or the fine-grained portion or a
soil, and the plot of plasticity index versus liquid limit falls below the “A” line.
Sand (S) – Particles of rock that will pass a No. 4 sieve and be retained on a No. 200 sieve. Sand can be
divided into the following categories:




Coarse – passes a No. 4 sieve and is retained on a No. 10 sieve.
Medium – Passes the No. 10 sieve and is retained on the No. 40 sieve.
Fine – Passes the No. 40 Sieve and is retained on the No. 200 sieve.

Gravel (G) – Particles of rock that will pass a 3” sieve and be retained on a No. 4 sieve. Gravel can be
divided into the following subdivisions:



Coarse – passes a 3” sieve and is retained on the ¾” sieve.
Fine – passes a ¾” sieve and is retained on the No. 4 Sieve.

Cobble – Particles of rock that will bass a 12” sieve and be retained on a 3” sieve.
Boulder – Particles of rock that will not pass a 12” sieve.

Classification Procedure
1. Classify the soil as coarse-grained if 50% or more by dry weight of the specimen is retained on
the No. 200 Sieve
 Follow the flow chart provided in Figure 4-2 to determine the appropriate classification
using the results from the sieve analysis.
2. Classify the soil as fine-grained if 50% or more by dry weight of the specimen passes the No. 200
sieve.
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Using the PI and LL determined in the Atterberg Limits lab, use Figure 4-1 to determine an
initial classification.
Follow the flow chart provided in Figure 4-3 to determine the appropriate classification
using the results from the Atterberg Limits Lab.

Figure 4-1: Plasticity Chart (ASTM D2487)
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Figure 4-2: Flow Chart for Classifying Coarse Grained Materials (ASTM D2487)
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Figure 4-3: Flow Chart for Classifying Fine-Grained Soils (ASTM D2487)
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Report
Classify the soil used in the previous labs using the USCS system. Include the results from the sieve
analysis and Atterberg limits.
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Instructor Notes
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Set up time for instructor: none
Level of difficulty for students: 1/5
Time to complete lab: 1 hour lecture in which the entire class can participate at once

Lecture
This lab is a lecture to show the students the steps in classifying a soil based on the USCS system. The
lab report for this lab will use the data from the previous sieve analysis and Atterberg Limits labs to
classify their soil.
The first step in classifying a soil is to determine if there is more fines (passing No. 200 sieve) or coarse
material (retained on No. 200 sieve).
Procedure for classifying fine-grained soils
1. The soil is a clay if the position of the PI versus the LL plot falls above the “A” line and the PI is
greater than 4.
1. Classify the soil as a lean clay, CL, if the LL is less than 50.
2. Classify the soil as a fat clay, CH, if the LL is greater than 50.
3. Classify the soil as a silty clay, CL-ML, if the position of the PI versus LL plot fall on or
above the “A” line and the plasticity index is in the range of 4 to 7.
2. The soil is a silt if the position of the PI vs LL plot falls below the “A” line.
1. Classify the soil as a silt, ML, if the LL is less than 50.
2. Classify the soil as an elastic silt, MH, if the LL is 50 or greater.
3. If between 15 and 30% of the test specimen is retained on the No. 200 sieve, the words “with
sand” or “with gravel" (whichever is predominant) should be added to the group name.
4. If greater than 30% of the test specimen is retained on the No. 200 sieve, the words “sandy” or
“gravelly” (whichever is predominant) should be added to the group name.
Procedure for classifying coarse-grained soils
1. Classify the soil as gravel if more than 50 % of the coarse fraction is retained on the No. 4 sieve.
2. Classify the soil as sand if 50% of the coarse fraction passes the No. 4 sieve
3. If 12% or less of the test specimen passes the No. 200 sieve, calculate the CU and Cc.
1. If less than 5% of the test specimen passes the No. 200 sieve, classify the soil as well
graded gravel, GW, or well graded sand, SW, if CU is greater than or equal to 4.0 for
gravel, or greater than 6.0 for sand, and the CC is between 1 and 3.
2. If less than 5% of the test specimen passes the No. 200 sieve, classify the soil as poorly
graded gravel, GP, or poorly graded sand, SP, if either the CU or CC criteria for well
graded soils are not met.
4. If more than 12% of the test specimen passes the No. 200 sieve, the soil shall be considered
coarse grained soil with fines. The fines are determined by the Plasticity Chart shown in Figure
4-1.
1. Classify the soil as clayey gravel, GC, or clayey sand, SC, if the fines are clayey.
2. Classify the soil as silty gravel, GM, or silty sand, SM, if the fines are silty.
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5. If 5 to 12% of the test specimen passes the No. 200 sieve, the soil receives a dual classification.
1. The first group corresponds to that of a sand or gravel having less than 5% fines (GW,
GP, SW, SP), and the second symbol corresponds to gravel or sand having more than
12% fines (GC, GM, SC, SM).
6. If the specimen is predominantly sand or gravel but contains 15% or more of the other coarsegrained constituent, the words “with gravel” should be included in the group name.
7. If the sample contains any cobbles or boulder, the words “with cobbles” or “with cobbles and
boulders” should be included.
The flow charts included can be used to used to determine the group symbol and group name but
should be confirmed with the above procedures.
Example Classifications

Soil 1





50% sand, 30% gravel, 20% fines, PI = 20, LL = 40
Because there is more than 12% fines and the fines plot as a CL on the plasticity chart, the soil is
classified as a SC. Because there is more than 15% of gravel, the group name includes “with
gravel”.
Figure 4-4 shows the plasticity chart for example 1.

Figure 4-4: Plasticity Chart example 1




The soil is classified as a clayey sand with gravel, SC.
Figure 4-5 shows the flow chart for example 1.
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Figure 4-5: Flow Chart example 1

Soil 2




80% fines, 18% sand, 2% gravel, PI = 20, LL = 70
The plasticity chart plots as an MH, shown in Figure 4-6.
Figure 4-7 shows the flow chart for example 2.
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Figure 4-6: Plasticity Chart example 2





Because there is between 15 and 30% fines in the sample, the words “with sand” are added to
the group name.
The soil is classified as an elastic silt with sand, MH.
Following the chart results in the same answer.
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Figure 4-7: Flow Chart example 2

Soil 3








80% gravel, 16% sand, 4% fines, Cu = 6, CC = 1.3
Because there is less than 5% fines, the properties of the fines do not matter in the
classification.
Higher percent gravel than percent sand means the main symbol is G.
CU is greater than 4 and CC is between 1 and 3 so the group symbol is GW.
Because there is more than 15% sand, the group name includes “with sand”.
The soil is classified as a well graded gravel with sand, GW.
Figure 4-8 shows the flow chart for example 3.
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Figure 4-8: Flow Chart example 3
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Compaction Using Standard Effort
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Compaction Using Standard Effort Student Handout
Purpose
Compaction is the process of densification of soil by reducing air voids. The degree of compaction of a
soil is measured in terms of dry unit weight. All soil placed as engineering fill must be compacted to a
predetermined density and water content to ensure the soil performs as intended. Compaction can
greatly impact vital engineering properties including shear strength, compressibility, and permeability.
Compaction generally improves these engineering properties. Laboratory compaction tests provide the
basis for determining the percent compaction and water content that will result in optimal field
conditions.
For this lab, five specimens will be compacted at varying water contents to produce a compaction curve.
Each group will test a different water content (both above and below a theoretical optimum water
content) and combine the results into a single curve. The combined data can be used to determine the
maximum dry unit weight as well as the optimum water content of the soil. The testing method used
for this lab is only applicable to soils that have 20% or less by mass of particles retained on the No. 4
sieve.

Standard Reference
ASTM D 698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard
Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)).

Materials and Equipment








4” diameter, 4.584” height cylindrical mold, volume .0333 ft3 (944 cm3)
5.5 lb hammer with a free fall distance of 12”
Sample extruder
Scale sensitive to 1 g
Straight edge
Mixing tools
No. 4 Sieve

Procedure
1. Weigh out approximately 6 pounds of the dried sample
2. Calculate the amount of water required to achieve the desired water content.
3. Mix the soil and water using the volcano method. Mix thoroughly to ensure even distribution of
the water.
4. Weigh and record the mass of the mold and baseplate, both with and without the plate
attached.
5. Assemble the mold, securing the baseplate with the attached screws.
6. Placing the mold on the floor, fill the mold with the mixture. The compaction test is conducted
in 3 layers and each layer should be approximately the same thickness after compaction.
Compact each layer with 25 blows. Every 5 blows should cover the entire area of the mold.
7. Scar the surface of the compacted layer with a straight edge.
8. Add the second layer of soil to the mixture and compact in the same way as steps 6 and 7.
9. Add the final layer to the mold and compact again. The final layer should extend above the lip
of the mold but not by more than ¼”.
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10. Remove the collar from the mold and use the straight edge to scrape the excess from the top of
the mold.
11. Record the mass of the specimen and the mold.
12. Remove the specimen from the mold using the sample extruder
13. Cut the outside edges of the specimen off until only the core is left.
14. Place the core in a pre-weighed tin and weigh it. Break the sample apart to facilitate drying and
place it in the oven.
15. Record the weight of the dried specimen.
16. After the sample has dried, do the required calculations and add them to the group sheet so
everyone has the data.

Calculations and Deliverables


Calculate total unit weight (γtotal) of each specimen:
𝑀𝑡 𝑔
γ𝑡𝑜𝑡𝑎𝑙 =
𝑉𝑚
Mt= mass of moist soil
Vm= volume of mold
g= acceleration of gravity



Calculate water content of each specimen:
𝑤=



Calculate dry unit weight:
γ𝑑 =




𝑀𝑤 𝑔
𝑀𝑠

γ𝑡𝑜𝑡𝑎𝑙
1+𝑤

Plot dry unit weight vs moisture content ant draw the compaction curve as a line through the
points. Indicate the maximum dry unit weight and corresponding moisture content.
Plot the 100% saturation cure (zero air void).
γ𝑍𝐴𝑉 =

𝐺𝑠 𝛾𝑤
1 + 𝑤𝐺𝑠

G = specific gravity of sandy soil ≈ 2.65 for sand
γw = specific weight of water
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%

(kg)

(kg)
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mold
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(kg)
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(g)

Mass of
can

Mass of
Can and
wet soil
(g)

Mass of
can and
dry soil
(g)

Compaction Test Data Sheet

Mass of
water
(g)

Zero air
Calculated
Dry unit void unit
Water
Mass of
weight weight
Content
dry soil
(kN/m3) (kN/m3)
%
(g)

Instructor Notes
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Set up time for the instructor: 3 hour
Level of difficulty for students: 3/5
Time to complete lab: 1.5 hours per group. Up to 3 groups of 3 can participate at the same time. Once
the students complete the lab, they have to send their data to you to combine it. Email the students a
compilation of the data from all the groups. Give the students a week to do their calculations and a
week after you send out the combined data to complete the lab report.

Lecture







Compaction is the densification of a soil through the removal of air. It increases the dry unit
weight of the soil sample. The increase of the dry unit weight generally increases shear strength
and decreases compressibility and permeability.
Compaction is done everywhere engineered structures are built: embankments, roadways,
foundations.
3 methods for the standard proctor, depending on the grain sizes. A standard proctor uses a
5.5lb hammer, 12” drops, 25 blows/lift, and uses 3 total lifts.
1. ≤ 20% retained on the No. 4 sieve (this is the test we will be conducting)
2. > 20% retained on the No. 4 sieve and ≤ 20% on the 3/8” sieve
3. > 20% retained on the 3/8” and < 30% retained on the 3/4" sieve.
A compaction curve is created by doing compaction tests both above and below the optimum
moisture content. Draw an example of a compaction curve as in Figure 5-1.

Compaction Curve
22.00

Dry unit weight (KN/m3)

21.00

Zero air void curve

20.00

19.00
18.00

17.00
16.00

Compaction Curve

15.00
14.00
13.00
5.0%

7.0%

9.0%

11.0%

13.0%

15.0%

17.0%

19.0%

21.0%

Moisture Content (%)
Figure 5-1: Compaction and Zero Air Void Curves



From the compaction curve, you can see the maximum dry unit weight and the optimum
moisture content, shows as the solid blue lines in Figure 5-1. The zero-air void curve shows a
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theoretical maximum dry unit weight if you could achieve zero air voids in the soil. The zero-air
void curve should never fall below the compaction curve.
Each groups test is one point on the compaction curve.
Water allows the soil molecules to rearrange themselves/move around and increases the dry
unit weight.
Compaction in the field is done using various types of rollers. The three main types are
sheepsfoot rollers which are used mainly for clayey and silty soils, smooth drum roller which are
used primarily in granular soils, and vibratory rollers which are used primarily for granular soils
as well.
Field compaction can be measured as a percentage of optimum compaction that must be
attained in the field. This is referred to as the Relative Density (R) (%).

Sample Preparation
1. Using the large hand powered sieve shown in Figure 5-2 (not the sieve shakers), sieve enough of
the material for each group in the lab to have 6 pounds of material. All you need to do is pour
moist material into the top of the No. 4 sieve and shake the device by the handles.

Figure 5-2: Large Volume Sieve Shaker

2. Once the soil has been sieved, there are two options. The first option is the dry all of the soil so
the students are starting at a water content of 0% for the lab. The second option is the cover
the soil and dry a small portion to determine the starting water content. The first option is
easier but requires more prepartion time in advance.
Procedure:
1. Weigh out approximately 6 pounds of the dried sample
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Figure 5-3: Weighing Compaction Sample

The dried sample should be sieved beforehand so that the large particles are not included. If you
are going with the first method of preparation where all the soil is dried, 6 pounds of dried soil
should provide more than enough of a sample for the compaction test to be conducted. If you
are doing the second method, using damp soil, you will need a little more soil because some of
the weight is water and not soil.
2. Calculate the amount of water required to achieve the desired water content.
This is very easy to do if you dry the soil before the labs are conducted. If you are using a soil
sample that you do not know the optimum moisture content, you will need to conduct a few
compaction tests before the lab is scheduled. Doing 3 tests between 15% and 25% moisture
content should give a good approximation of the optimum. At least 2 groups should be assigned
moisture contents below the optimum and 2 groups should be assigned moisture contents above
the optimum, spaced 2% between each.
3. Mix the soil and water using the volcano method as shown in Figure 5-4. Mix thoroughly to
ensure even distribution of the water.
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Figure 5-4: Volcano Mixing Method

The volcano method means placing the soil in a pile in the mixing bin and slowly adding water to
the center while constantly mixing. The volcano method is the best way to avoid losing water
and to get a consistent mixture.
4. Weigh and record the mass of the mold and baseplate, both with the plate attached and not
attached.
It is important to get a weight both with the baseplate attached and not attached because at
some of the higher moisture contents, the sample might fall out of the mold when the baseplate
is removed. Make sure these weights are recorded in kilograms as well because that will allow
for easier calculations later on.
5. Assemble the mold, securing the baseplate with the attached screws.

Figure 5-5: Mold Assembly
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The mold is only the bottom part of the cylinder. The top part is an extra portion to enable even
compaction of the sample in the mold.
6. Placing the mold on the floor, fill the mold with the mixture. The compaction test is conducted
in 3 layers and each layer should be approximately the same thickness after compaction.
Compact each layer with 25 blows. Every 5 blows should cover the entire area of the mold.

Figure 5-6: Hammer Use

Filling the mold approximately halfway for the first lift will give you a good idea about how much
the soil will compact. If it compacts more than a third of the mold, more soil will be required for
the second and third lifts. If it compacts less than a third of the mold, less soil is required for the
remaining lifts. Make sure to keep the weight at vertical as possible for each blow.
7. Scar the surface of the compacted layer with a straight edge.

5-82

Figure 5-7: Scarifying the Surface of the Compacted Sample

Scarifying the surface allows a place for each lift to bond to the other.
8. Add the second layer of soil to the mixture and compact in the same way as steps 6 and 7.
The second layer should be done just like the first layer. Use less soil if the first lift was more
than 1/3 of the mold and use more soil if the first lift was less than 1/3 of the molds total height.
9. Add the final layer to the mold and compact again. The final layer should extend above the lip
of the mold but not by more than ¼”.

Figure 5-8: Compacted Sample With top Sheath Removed
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The third and final layer is the most difficult to do. There is not as much room in the mold for the
weight so tell the students to be careful. It is also important that they have enough soil to
completely fill the mold. It is better to go over 1/4” than below the lip of the mold.

10. Remove the collar from the mold and use the straight edge to scrape the excess from the top of
the mold.
Removing the collar is when you will actually see the compaction of the final layer as can be seen
in Figure 5-8.
11. Record the mass of the specimen and the mold.
The groups doing moisture contents furthest from the optimum should weigh the sample with
the baseplate still included in case the soil falls out of the bottom when removing the base plate.

12. Remove the specimen from the mold using the sample extruder
The sample extruded requires a top ring to be placed in the hole to hold the mold while the
extruder pushes out the sample.

Figure 5-9: Extruding a Sample

13. Cut the outside edges of the specimen off until only the core is left.
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Figure 5-10: Breaking up the Sample

The inner core of the specimen will be the most accurate at determining the moisture content of
the sample as it will have dried out the least while the test was being conducted. You do not
need a very large sample to determine the moisture content. Breaking apart the sample will
allow it to dry faster in the oven.
14. Place the core in a pre-weighed tin and weigh it. Break the sample apart to facilitate drying and
place it in the oven.
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Figure 5-11: Placing the Sample in the Oven

15. Record the weight of the dried specimen.
16. After the sample has dried, do the required calculations and add them to the group sheet so
everyone has the data.
This is the most difficult part of the lab. Once everyone has added their test to the data sheet
you must go through them and make sure they didn’t make any mistakes. Its easiest to use
metric units for this lab. The data table provided shows the appropriate units for the
measurements. Unit weights should be in units of kN/m3. Mass should be in units of grams or
kilograms. Volume should be in units of m3. The combined data should look similar to the
sample provided in the instructor notes. Make sure to save the soil that was not compacted to
use in the direct shear test next week.
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Soil Mechanics Lab
Compaction Lab Report
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Introduction
This lab was performed to determine the compaction of a soil taken from the new dormitory building
currently being constructed on campus. Compaction is the densification of a soil by the removal of air.
The compaction test is done in order to determine the dry unit weight of a soil at different water
contents. This is done by adding varying amounts of water to a soil, compacting it, then determining its
maximum unit weight when the soil is dried. The results of this test let the engineer know which water
content the soil will have the highest unit weight, which generally corresponds to higher strength
properties. The soil in most engineering projects is compacted to 95% of its maximum unit weight.
Procedure
1. Gather 6 pounds of dry soil to be tested from the project site.
2. Determine the weight of water to be added to the soil by multiplying the target water content
by the mass of the soil.
3. Completely mix the water and soil using the volcano method.
4. Obtain the specimen mold and weigh it.
5. Add sample to the mold until is it approximately halfway full.
6. Place the mold on the floor and use a standard effort hammer to compact the soil using 25
blows.
7. Scarify the top of the soil to ensure good contact between the two layers.
8. Fill the mold for the second lift.
9. Compact the soil again and repeat the scarify and compaction process for the third lift.
10. Scrape the excess off the top after the third lift has been completed.
11. Weigh the mold with the specimen inside of it.
12. Extract the soil from the mold using the extruder.
13. Break down the specimen to make a smaller sample for weighing.
14. Record the mass of the pan to be used for moisture content calculations.
15. Weigh the moist sample.
16. Put the sample in the oven and allow to dry for 24 hours.
17. Weigh the sample again.
18. Combine data with other groups to determine.
Data and Observations
Data was collected for the soil from the new dormitory. Table 5-1 and Table 5-2 depict the data needed
to construct the compaction curve for the material.
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Table 5-1: Mass and Unit Weight of Moist Compacted Soil

Mass of moist
Target % specimen and
Mass of moist
water
mold
Mass of mold specimen Moist unit weight
(kN/m3)
%
(kg)
(kg)
(kg)
10
3.765
2.002
1.763
18.321
7
3.717
2.032
1.685
17.505
15
4.002
2.053
1.949
20.249
18
3.908
2.001
1.907
19.812
As can be seen in Table 5-1, the moist unit weight of the samples varied from 17.5 kN/m3 to 20.2 kN/m3.
Table 5-2: Water Content and Dry Unit Weight Values

Mass of
can
(g)
130.98
130.98
129.88
131.5

Mass of
Can and
wet soil
(g)
852
778.98
369.5
806.5

Mass of
can and
dry soil
(g)
786.65
723.4
336.3
699.5

Mass of
water
(g)
65.35
55.58
33.2
107

Mass of
dry soil
(g)
655.67
592.42
206.42
568

Calculated
Water
Content
%
10.0%
9.4%
16.1%
18.8%

Dry unit
weight
(kN/m3)
16.66
16.00
17.44
16.67

Zero air
void unit
weight
(kN/m3)
20.56485
20.8202
18.22757
17.34016

The data from Table 5-2 was used to generate the compaction curve shown in Figure 5-12.
Calculations
Mass of moist specimen = (mass of moist specimen and mold) – (mass of mold)
3.765 – 2.002 = 1.763 kg
Moist unit weight =

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑜𝑖𝑠𝑡 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛

×𝑔

1.763 𝑘𝑔 100𝑐𝑚 3
𝑚
1 𝑘𝑁
( 𝑚 ) (9.81 𝑠2 ) (1000 𝑁)
944 𝑐𝑚3

= 18.321

𝑘𝑁
𝑚3

Mass of water = (mass of wet soil and can) – (mass of dry soil and can)
852 – 786.65 = 65.35g
Mass of dry soil = (mass of dry soil and can) – (mass of can)
786.65 – 130.98 = 655.67
Water content =
65.35
655.67

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑖𝑙

× 100

× 100 = 10.0%

Dry unit weight of compacted specimen =

𝛾𝑡𝑜𝑡𝑎𝑙
1+𝑤
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18.321
1+.10

γ𝑍𝐴𝑉 =

= 16.66

𝑘𝑁
𝑚3

𝐺𝑠 𝛾𝑤
1 + 𝑤𝐺𝑠
9.81×2.65
1+(0.1)(2.65

= 20.56

𝑘𝑁
𝑚3

Results
The data from Table 5-1 and Table 5-2 was used to create Figure 5-12.

Compaction Curve
22.00

Dry unit weight (KN/m3)

21.00

Zero air void curve

20.00
19.00
18.00
17.00
16.00

Compaction Curve

15.00
14.00
13.00
5.0%

7.0%

9.0%

11.0%

13.0%

15.0%

17.0%

19.0%

21.0%

Moisture Content (%)
Figure 5-12: Compaction Curve

As can be seen by the solid blue line in Figure 5-12, the optimum water content for the soil is 14.5%.
The maximum dry unit weight is approximately 17.8 kN/m3. The zero air void is also shown on the
curve. This curve represents a theoretical maximum unit weight of the soil if all of the air voids could be
removed and were filled with water.
Conclusion
Compaction is used in almost all engineering projects. Compaction increases the unit weight of a soil
and increases the strength properties of that soil. We determined the maximum dry unit weight of the
soil to be 17.8 kN/m3 and the optimum moisture content to be 14.5%. The max dry unit weight of this
soil would provide suitable bearing capacity for most construction including roadways, sidewalks,
parking lots, or small structures.
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Direct Shear Test
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Direct Shear Test Student Handout
Purpose
The direct shear test method covers the determination of the consolidated drained shear strength of a
soil material in direct shear. The test is performed by deforming a specimen at a controlled strain rate
on or near a single shear plane determined by the configuration of the apparatus. Three of more
specimens are tested under different normal loads to determine the effects upon shear resistance and
displacement, and strength properties such as Mohr strength envelopes. Failure of the specimen
corresponds to the maximum shear stress attained during the test. Failure of the specimen also
corresponds to the specimen reaching 15% relative lateral displacement.
The direct shear test is conducted using a shear device which can hold the specimen securely between
two porous inserts in such a way that torque is not applied to the specimen. The shearing device also
provides a means of applying a normal stress to the faces of specimen, for measuring changes in
thickness of the specimen, for permitting drainage of water through the porous inserts, and for
submerging the specimen in water. The shearing device is also be capable of applying a shear force to
the specimen along a single shear plane parallel to the faces of the specimen. The shear box is a circular
box which is divided vertically by a horizontal plane into two equal halves. The shear box also includes
gap screws to control the space between the top and bottom halves of the shear box. Porous inserts
allow drainage from the soil specimen along the top and the bottom boundaries. The permeability of
the inserts should be substantially greater than the soil but should be textured fine enough to prevent
excessive intrusion of the soil into the pores of the insert. The normal force is applied by a lever loading
yoke which is activated by dead weights. The shearing force is maintained by an electric motor and gear
box arrangement. The shearing force is measured by a proving ring, accurate to 0.5 lbf, or 1 percent of
the shear force at failure.

Standard Reference
ASTM D 3080 – Direct Shear Test of Soils Under Consolidated Drained Conditions

Materials and Equipment








Shear Device
Shear box
Porous inserts
Timing devices
Distilled water
Soil sample
Straight edge

Procedure
1. Assemble the shear box.
2. Using the optimum moisture content determined in the previous compaction lab, compact a
sample in the shear box using the same 3 layer method.
3. Place the shear box in the shearing device.
4. Connect and adjust the shear force loading system so that no force is imposed on the shear box.
5. Position the shear displacement measuring device and zero the reading.
6. Place a porous insert and load transfer plate on the top of the specimen in the shear box.
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7.
8.
9.
10.
11.

Place the normal force loading yoke into position and adjust it so the loading bar is horizontal.
Apply and record the normal force applied.
Using the gap screws, create a small gap (1/16”) between the faces of the shear box.
Attach and zero vertical displacement measuring device.
Shear the specimen until the shear resistance measured by the load transducer levels off or 15%
of the diameter of the sample.

Calculations and Deliverables
1. Calculate the nominal shear stress:
𝜏=




𝐹
𝐴

τ = nominal shear stress (lbf/in2, kPa)
F = shear force (lbf, N)
A = Initial area of specimen (in2, mm2)

2. Calculate the normal stress:
𝑛=

𝑁
𝐴

 n = normal stress (lbf/in2, kPa)
 N = normal vertical force acting on the specimen (lbf, N)
 A = initial area of the specimen (in2, mm2)
3. Calculate the shear rate based on the shear displacement and total test time.
4. A sample of the data that each group should be gathering is shown below. The yellow columns
indicate data that will be read directly from the direct shear machine. Every group will create a
table of constants with their individual normal forces.

Time
(sec)
0
10
20
30
40
50
60
70

Time
(min)
0.00000
0.16667
0.33333
0.50000
0.66667
0.83333
1.00000
1.16667

Top Soil Direct Shear Test Data
V.
H.
Uncalibrated
Calibrated
Nominal
Displacement Displacement
Shearing Force
Shearing
Shear Stress
(in)
(in)
% Strain
(in)
Force (lbs)
(psf)
0.00350
0.00000
0.00%
0.00100
3.21000
102.22930
0.00350
0.00000
0.00%
0.00180
5.77800
184.01274
0.00350
0.00000
0.00%
0.00420
13.48200
429.36306
0.00350
0.00050
0.02%
0.00670
21.50700
684.93631
0.00350
0.00100
0.04%
0.00920
29.53200
940.50955
0.00350
0.00250
0.10%
0.01180
37.87800
1206.30573
0.00300
0.00400
0.17%
0.01410
45.26100
1441.43312
0.00250
0.00550
0.23%
0.01630
52.32300
1666.33758

Constants

Rate (mm/min)
Diameter Sample (in)
Diameter Sample (ft)
Proving Ring Calib (lbs/in)
Cross Sec. Area (ft^2)
Vertical Load (lbs)
Vertical Load (kg)
Amplification Factor
Normal Stress (psf)

0.59
2.40
0.20
3210
0.03140
26.45503
12.00000
7
5897.617363



Percent strain is found by dividing the horizontal displacement by the original specimen
diameter.
5. Combine the data from the 3 different normal forces and create a Mohrs Failure envelope. Plot
the 3 values of normal stress versus their corresponding maximum shear stress. Estimate the
friction angle (φ) and cohesion (c) from the plot.
6. Graph normal displacement versus shear displacement and examine specimen thickness change.
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Instructor Notes
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Set up time for the instructor: 10 minutes
Level of difficulty for students: 4/5
Time to complete lab: 1.5 hours per group. Only 1 group can participate at a time. For this lab you
might have to rearrange the groups because only 3 groups are needed. Because the length of this lab, it
is easiest to spread it out over 2 weeks. Like the compaction lab, this one requires a compilation of
different groups data. This will require more time before labs can be collected.

Lecture



Shear is the major failure mode of soils.
Factors that affect shear strength:
o Grain size
o Angularity
o Compaction
o Moisture content
 Water in the soil creates pore pressure. Pore pressure decreases the effective
stress in the soil from the following equation:
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑆𝑡𝑟𝑒𝑠𝑠 = 𝑇𝑜𝑡𝑎𝑙 𝑆𝑡𝑟𝑒𝑠𝑠 − 𝑃𝑜𝑟𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒





3 types of tests:
1. Unconsolidated undrained – soil has not had time to consolidate and is sheared at such
a high rate that the water does not have time to move out of the way, thus creating
pore pressure.
2. Consolidated undrained – soil has equalized with the load being applied but is still
sheared at a rate that doesn’t allow the pore pressure to dissipate.
3. Consolidated drained – soil has had time to equalize with the load being applied and the
shear rate is slow enough that pore pressure does not influence the effective stress. We
will be doing a consolidated drained test for this lab. The shear box has porous plates
on both the top and the bottom which allow water to flow out of the sample.
The purpose of the direct shear test is to determine the Mohr-coulomb failure envelope.
o 1 disadvantage of the direct shear over the triaxial test is that the direct shear forces a
failure plane between the two platens.
o For every normal stress applied to the sample, there will be a corresponding maximum
shear stress.
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Figure 6-1: Example Direct Shear Results

o

The failure envelope shows 2 important properties of the soil: cohesion and friction
angle.
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Figure 6-2: Example Mohr-Coulomb Failure Envelope



The results of the direct shear test can be used to determine bearing capacity of soils for
different kinds of foundations.

Procedure
The direct shear machine in the lab does not have a data collection device. The students must be the
data collectors for the lab. There should be a student in charge of the horizontal displacement, vertical
displacement, horizontal shear force, and timing. They will need to take a reading from their respective
stations every 10 seconds. Every soil sample that is going to be tested should have 3 groups. Each group
is responsible to conduct a test at a different normal loading force: 4kg, 8kg, and 12kg. The results of the
three tests will be combined to create a single Mohr-Coulomb failure envelope for the soil.
1. Assemble the shear box.
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Figure 6-3: Shear Box Assembly

The pins in the shear box shown below keep the halves together while the material is compacted in it.
The screws are used to create a gap for the shear plane between the two halves after the material is
compacted.
2. Using the optimum moisture content determined in the previous compaction lab, compact a
sample in the shear box.
There is an Excel sheet on the computer in the lab that will calculate the required amount of soil
to achieve 95% compaction in the shear box. The Excel sheet requires maximum dry unit weight
determined in the compaction lab. It also assumes a specific weight for the soil in order to
calculate the mass of dry soil required to run the test. Use the moisture content formula to
calculate the amount of water needed.
3. Place the shear box in the shearing device
There are small pins in the shearing device that connect to the shear box to ensure the shear box
is in the correct position. Make sure to not bend the pins of the measuring devices when placing
the shear box in the shearing device.

Figure 6-4: Shear Box in the Shear Machine
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4. Connect and adjust the shear force loading system so that no force is imposed on the shear box.

Figure 6-5: Connecting the Shear Device to the Shear Box

Turn on the shearing device to connect the shearing device to the shear box. Speed up the
machine in order to connect the loading system with the shear box. Do not change the rate
without turning the machine on first. Place a sheet of paper between the two and slide it back
and forth to give a good indication when the two are connected.
5. Position the shear displacement measuring device and zero the reading.

Figure 6-6: Shear Measuring Device

The measuring device simply pushes against the side of the shear box. Make sure to zero the
reading many times as the box may shift slightly when adding the normal load to the sample.
Don’t forget to add the extension or you will not get any readings.
6. Place a porous insert and load transfer plate on the top of the specimen in the shear box.
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Figure 6-7: Load Transfer Plate on the Shear Box

7. Place the normal force loading yoke into position and adjust it so the loading bar is horizontal.

Figure 6-8: Weight on the Yoke

The normal force loading yoke has a magnification factor of 7. That mean a 4 kg weight imparts
a load of 28 kg on the shear box.
8. Apply and record the normal force applied.
9. Using the gap screws, create a small gap (1/16”) between the faces of the shear box.
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Figure 6-9: Gap in the Shear Box

The gap screws create a failure plane for the sample. Be sure to remove the screws before the
test is conducted to ensure they don’t create unnecessary friction during the test.
10. Attach and zero the vertical displacement measuring device.

Figure 6-10: Vertical Displacement Measuring Device

The vertical displacement measuring device is similar to the horizontal displacement measuring
device. It’s attached to a swing arm to allow easy access to the machine.
11. Shear the specimen until the shear resistance measured by the load transducer levels off or 15%
of the diameter of the sample.

6-102

Figure 6-11: Shear Device Controls

Figure 6-11 shows the controls for the shear device. The handle controls which direction the
shear ram goes while the rate of shear is controlled through the dial on the right. Have the
students calculate the failure point before starting the test. The diameter of the sample is 2.4”
so the failure point should be 0.36” or when the load measured by the proving ring levels off and
starts to decrease. The load might rise and fall slightly so be sure the students wait at least a
minute when they think the load is falling.

Calculations and Deliverables
7. Calculate the nominal shear stress:
𝜏=




𝐹
𝐴

τ = nominal shear stress (lbf/in2, kPa)
F = shear force (lbf, N)
A = Initial area of specimen (in2, mm2)

Nominal shear stress is the shear stress imparted on the sample by the direct shear machine.
The force is measured by the proving ring, which has a calibration factor of 3210 lb/in.
8. Calculate the normal stress:
𝑛=




𝑁
𝐴

n = normal stress (lbf/in2, kPa)
N = normal vertical force acting on the specimen (lbf, N)
A = initial area of the specimen (in2, mm2)

The normal force is imparted by the weight on the end of the lever arm. The lever arm itself has
an amplification factor of 7. This lab will use 3 weights: 4 kg, 8 kg, and 12 kg for normal loads.
The normal force for these weights are 1965 psf, 3930 psf, and 5894 psf. Check the normal force
calculations for each group before they leave the lab.
9. Calculate the shear rate based on the shear displacement and total test time.
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The shear rate can vary because of the machine. Each group should calculate the shear rate by
diving the total shear distance by the total time.
10. A sample of the data that each group should be gathering is shown below. The yellow columns
indicate data that will be read directly from the direct shear machine. Every group will create a
table of constants with their individual normal forces.

Time
(sec)
0
10
20
30
40
50
60
70

Time
(min)
0.00000
0.16667
0.33333
0.50000
0.66667
0.83333
1.00000
1.16667



Top Soil Direct Shear Test Data
V.
H.
Uncalibrated
Calibrated
Nominal
Displacement Displacement
Shearing Force
Shearing
Shear Stress
(in)
(in)
% Strain
(in)
Force (lbs)
(psf)
0.00350
0.00000
0.00%
0.00100
3.21000
102.22930
0.00350
0.00000
0.00%
0.00180
5.77800
184.01274
0.00350
0.00000
0.00%
0.00420
13.48200
429.36306
0.00350
0.00050
0.02%
0.00670
21.50700
684.93631
0.00350
0.00100
0.04%
0.00920
29.53200
940.50955
0.00350
0.00250
0.10%
0.01180
37.87800
1206.30573
0.00300
0.00400
0.17%
0.01410
45.26100
1441.43312
0.00250
0.00550
0.23%
0.01630
52.32300
1666.33758

Constants

Rate (mm/min)
Diameter Sample (in)
Diameter Sample (ft)
Proving Ring Calib (lbs/in)
Cross Sec. Area (ft^2)
Vertical Load (lbs)
Vertical Load (kg)
Amplification Factor
Normal Stress (psf)

0.59
2.40
0.20
3210
0.03140
26.45503
12.00000
7
5897.617363

Percent strain is found by dividing the horizontal displacement by the original specimen
diameter.

I included a small sample of data so the students will know what is expected when they send the
data to you. The table of constants will be the same for every group except for the normal
stress, which they will calculate based on their individual test. Each group will have to send you
their test data for you to double check before sending a compilation of all 3 tests to everyone.
Make sure they are calculating the % strain, shearing force, and normal force correctly.
11. Combine the data from the 3 different normal forces and create a Mohrs Failure envelope. Plot
the 3 values of normal stress versus their corresponding maximum shear stress. Estimate the
friction angle (φ) and cohesion (c) from the plot.
The students should do this both in Excel and on engineering paper. In order to determine the
friction angle from the engineering paper, the x-axis and y-axis must be on the same scale. The
cohesion is the y-intercept of the graph and the friction angle is the slope of the line.
12. Graph normal displacement versus shear displacement and examine specimen thickness change.
This graph will show if the soil exhibits dilative properties if the volume increases with shear or
contractive properties if the volume decreases with shear.
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Soil Mechanics Lab
Direct Shear Sample Lab Report
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Introduction
Knowing the properties of soils is very important for geotechnical engineers. The properties of the soil
can help predict when and under what conditions the soil will fail. The consolidated drained shear
strength is a very important property of soil because almost all soils will fail in shear. The direct shear
test was conducted on two different soil samples from the Kerns Dam located near Dear Lodge, MT. This
test allows use to create a Mohr Coulomb failure envelope. This is an important engineering property
because it allows us to know the friction angle and cohesion of our soil. With these properties we can
determine at what normal and shear stress the material will fail.
Procedure












In order to perform the direct shear test, we first needed to collect our soil sample.
Put into a direct shear box used for this test.
It was put into the box in three lifts, compacted in between each lift.
Once compacted in the box, the top half of the box was lifted about 1/4” in order to create a
shearing plane for the soil.
The mold is then put into the direct shearing apparatus. Once in the apparatus, a normal stress
is applied on to the soil.
When the stress is applied, the shearing can then begin at a specified shearing rate.
Three people need to be there in order to take the readings every 10 seconds.
The necessary readings are normal displacement, shear displacement, and shear resistance.
These reading are to be taken until the shear resistance begins to level off or decreases showing
failure. If it doesn’t fail, its sheared until shear stress is at 15% of lateral strain.
This test is performed at different normal stresses. The higher the normal stress the higher the
shear strength should be.
Using this test at different normal stresses allows for the creation of a Mohr Coulomb failure
envelope.

Data and Results
The direct shear test was conducted on two different samples of soil from the Kerns Dam. The test was
conducted with three different amounts weight applying normal stress: 4 kg, 8 kg, and 12 kg. The
normal stress created by these weights were 1882 psf, 3763 psf, and 5887 psf. Data was collected every
10 seconds while the test was being conducted and imported into a spreadsheet. A sample of the data
is shown in Table 6-1.
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Table 6-1: Direct Shear Test Data

Time Time

Normal
Displacement

Shear
Displacement

s

Inches

Inches

min

%
Strain

Shearing
Force

Shearing
Force

inches

pounds

Nominal Shear
Stress

Shear
Rate

psf

in/min

0

0.0

0

0

0

0.00000

0

0

0

10

0.2

-0.001

0

0

0.00060

1.926

61.3

0

20

0.3

-0.002

0

0

0.00200

6.42

204.4

0

30

0.5

-0.003

0

0

0.00380

12.198

388.3

0

As you can see in Table 6-1, the time, normal displacement, shear displacement, and shear force were
measured during the test. The % strain, nominal shear stress, and shear rate were calculated from the
data obtained. The data for each sample was analyzed separately below.
Site 1
The sample from site 1 was tested with 4 kg, 8 kg, and 12 kg of weight. Table 6-2 shows the normal
stress and the corresponding maximum shear stress.
Table 6-2: Site 1 Results

Weight
(kg)
4
8
12

Site 1
Normal Stress (psf) Shear Stress Failure (psf)
1882
3763
5894

3633.7
3912.18
4495.8

As can be seen in Table 6-2, the maximum shear stress increases as the normal stress increases. This is
to be expected because there is more pressure being exerted on the sample so it takes more force to
shear it. The data was also used to create a plot of % strain vs shear stress and is shown in Figure 6-12.
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Site 1 Stress vs Strain
5000.0
4500.0

Shear Stress (psf)

4000.0
3500.0
3000.0
2500.0

4 kg

2000.0

8 kg

1500.0

12 kg

1000.0
500.0
0.0
0.00

5.00

10.00

15.00

% Strain
Figure 6-12: Site 1 Stress vs Strain

As can be seen in Figure 6-12 as the % strain on the sample increases, so does the shear stress until the
sample ultimately fails and can no longer hold shear stress. Figure 6-12 also shows that higher normal
stress will lead to a higher shear stress in the sample. A plot of the horizontal versus vertical
displacement was also created and is shown in Figure 6-13.

Site 1 Horizontal vs Vertical Displacement
0.03

Vertical Displacement (in)

0.02

0.01
4 kg
0
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

8 kg
12 kg

-0.01

-0.02

-0.03

Horizontal Displacement (in)
Figure 6-13: Site 1 Horizontal vs Vertical Displacement
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As can be seen in Figure 6-13, the sample has a positive vertical displacement for 4 and 8 kg and
negative vertical displacement for the 12 kg. The slope is positive because the sample exhibits dilatant
behavior and expands while it is being sheared. Negative vertical displacement shows that the sample is
getting smaller as the shearing occurs. This happens because as the shearing occurs, the pressure is
compressing the sample slightly. The data from site 2 showed similar results as site 1.
Site 2
The sample from site 2 was tested with 4 kg, 8 kg, and 12 kg of weight. Table 6-3 shows the normal
stress and the corresponding maximum shear stress.
Table 6-3: Site 2 Results

Site 2
Weight
(kg)

Normal Stress (psf) Shear Stress Failure (psf)
4
1882
3108
8
3767
3863
12
5887
4679
As can be seen in Table 6-3 the maximum shear stress increases as the normal stress increases, which is
to be expected. Figure 6-14 shows the results for each of the normal stresses.

Shear Stress psf

Site 2 Stress vs Strain
5000.00
4500.00
4000.00
3500.00
3000.00
2500.00
2000.00
1500.00
1000.00
500.00
0.00

4 kg
8 kg
12 kg

0.00

5.00

10.00

15.00

20.00

% Strain
Figure 6-14: Site 2 Stress vs Strain

The stress versus strain plot for site 2 shows the same trends as site 1. As the strain increases, so does
the stress. For site 2 it did not require as much strain to reach the maximum shear stress for the 4 kg
weight because the normal force was not enough to prevent the stress from failing the sample. The
horizontal versus vertical displacement was also plotted for site 2 and is shown in Figure 6-15.
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Site 2 Horizontal vs Vertical Displacement
0.0200
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Figure 6-15: Site 2 Horizontal vs Vertical Displacement

As shown in Figure 6-15, as the shear displacement occurred there was a negative vertical displacement
in the sample in the 8 and 12 kg samples and positive displacement for the 4 kg sample. The
displacement got larger as the normal force increased because there was more pressure to compress
the sample. The data for both sites was also used to create a Mohr-Coulomb failure envelope for each
soil as shown in Figure 6-16.

Mohr-Coulomb Failure Envelope
5000
4500

Shear Stress (psf)

4000

y = 0.2162x + 3182.4

3500
3000

Site 1
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2500
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2000
1500

Linear (Site 1)

1000

Linear (Site 2)

500
0
0

1000

2000

3000

4000

5000

6000

7000

Normal Stress (psf)
Figure 6-16: Mohr-Coulomb Failure Envelope
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As shown in Figure 6-16, the normal and shear stress at failure create a straight line. The slope of the
line can be used to determine the friction angle of the soil and the y-intercept can be used to determine
the cohesion of the soil. Table 6-4 shows the results from the Mohr-Coulomb plot.
Table 6-4: Friction Angle and Cohesion of Site 1 and 2

Site 1
Site 2

Friciton Angle
12.2
21.4

Cohesion (psf)
3182
2375

As shown in Table 6-4, Site 1 had a higher cohesion but smaller friction angle. These values are
important for calculation of the strength and compaction of soils.
Calculations
Normal Shear Stress
𝜏=

𝐹 (𝑠ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒)
13.482 𝑙𝑏𝑓
=
= 411.80799 𝑝𝑠𝑓
𝐴 (𝐼𝑛𝑡𝑖𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛) 0.32739 𝑓𝑡 2

Normal (Nominal) Stress
𝑛=

𝑁 (𝑁𝑜𝑟𝑚𝑎𝑙 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐹𝑜𝑟𝑐𝑒) ∗ 7 17.61712 ∗ 7 𝑙𝑏𝑓
=
= 411.80799 𝑝𝑠𝑓
𝐴
0.32739 𝑓𝑡 2

Percent Strain
%=

𝑆ℎ𝑒𝑎𝑟 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡
0.0005 𝑖𝑛
∗ 100 =
∗ 100 = 0.2040816
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
2.45 𝑖𝑛

Conclusion
From the test, we were able to determine the direct shear strength for two different soils located in
Deer Lodge, Montana. This is an important characteristic of soils as it allows you to know at when the
soil is going to fail. Each soil had the shear strength test performed on it with different normal stresses
applied. These different normal stresses were 4, 8, and 12 kilograms. This allowed us to create Mohr
Coulomb failure envelopes for both of these different soils. The results section shows that site one had
a smaller friction angle but more cohesion, while site two had a larger friction angle and less cohesion.
This means that at smaller normal stresses site 2 will fail with less shear stress only to a certain point. At
higher normal stresses site two will fail at high shear stresses than soil 1.
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One Dimensional Consolidation
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One Dimensional Consolidation Student Handout
Purpose
Surface loads due to buildings or other structures result in increased stresses in the underlying soils. The
increased stress also increases settlements in soils. When the soils are fine grained and saturated, the
increase in stress is carried by the water as excess pore pressure. The excess pore pressure dissipates
slowly due to the low hydraulic conductivity of fine grained soils, which causes a delayed settlement.
The consolidation test is used to estimate both the magnitude and the time rate of settlement in fine
grained soils. The test is performed on a cylindrical specimen constrained laterally and compressed
vertically under a constant load. The load is held for 24 hours or until all the excess pore pressure has
dissipated. During this time the change in height of the specimen is measured. The load is doubled
after the 24 hour time period and the process is repeated. Usually five or six load increments are
applied and data is taken during the unloading step. The measurements are used to determine the
relationship between the effective stress and void ratio or strain as well as the rate at which
consolidation can occur. This test method uses conventional consolidation theory based on Terzaghi’s
consolidation equation to compute the coefficient of consolidation, cv. The analysis is based on the
following assumptions:







The soil is saturated and has homogenous properties.
The flow of pore water is in the vertical direction.
The compressibility of soil particles and pore water is negligible compared to the compressibility
of the soil skeleton.
The stress-strain relationship is linear over the load increment.
The ratio of soil permeability to soil compressibility is constant over the load increment.
Darcy’s law for flow through a porous media applies.

Standard Reference
ASTM D2435 / D2435M-11, Standard Test Methods for One-Dimensional Consolidation Properties of
Soils Using Incremental Loading

Materials and Equipment




Load Device – A suitable device for applying vertical loads or total stresses to the specimen. The
device should be capable of maintaining specified loads for long periods of time with an
accuracy of ± 0.5% of the applied load and should permit quick application of a given load
increment without significant impact.
Consolidometer – A device to hold the specimen in a ring that is either fixed to the base of
floating with porous disks on either face of the specimen. The inside diameter of the ring shall
be determined to a tolerance of 0.075 mm. The consolidometer shall also provide means of
submerging the specimen, for transmitting the concentric vertical load to the porous disks, and
for measuring the change in height of the specimen.
o The minimum specimen diameter is 50 mm.
o The minimum specimen height is 12 mm, but not less than ten times the maximum
particle diameter.
o The minimum specimen diameter-to-height ratio is 2.5.
o The ring must be made of a material that in noncorrosive in relation to the soil tested.
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The porous disks shall be noncorrosive material. The grade of the disks shall be fine enough to
prevent intrusion of soils into the pores. If necessary, a filter paper may be used to prevent
intrusion.
The deformation indicator should be able to measure change in specimen height with a
readability of 0.0025 mm.
Timing device
Distilled water
Spatulas, knives, and wire saws

Procedure
1. Assemble the ring with specimen, porous disks, filter disks (when applicable) and
consolidometer. If the specimen will not be inundated shortly after application of the seating
load, enclose the consolidometer in a loose-fitting plastic or rubber membrane to prevent
change in specimen volume.
2. Place the consolidometer in the loading device and apply a seating pressure of 5 kPa.
Immediately after application of the seating load, adjust the deformation indicator and record
the initial zero reading, d0.
3. If the test is performed on an intact specimen that was either saturated under field conditions
or obtained below the water table, inundate shortly after application of the seating load. As
inundation and specimen wetting occur, increase the load as required to prevent swelling.
Record the load required to prevent swelling.
4. The specimen is to be subjected to increments of constant total stress.
5. The standard loading schedule shall consist of a load increment ratio of one which is obtained by
doubling the pressure on the soil to obtain values of approximately 12, 25, 50, 100, 200, etc.
kPa.
6. The standard rebound or unloading schedule should be selected by halving the pressure on the
soil. However, if desired, each successive load can be only one-fourth as large as the preceding
load. An alternative loading, unloading or reloading schedule may be employed that reproduces
the construction stress changes or obtains better definition of some part of the stress
deformation curve or aids in interpreting the field behavior of the soil.
7. Before each pressure increment is applied, record the height or change in height, df, of the
specimen.
8. The standard load increment duration is 24 hours. Record the height or change in height at the
time interval. For some soils, a period of more than 24 hours may be needed to reach the end
of primary consolidation.
9. To minimize swell during disassembly, rebound the specimen back to the seating load. Once
height changes have ceased (usually overnight), dismantle quickly after releasing the final small
load on the specimen. Remove the specimen and the ring from the consolidometer and wipe
any free water from the ring and specimen to obtain the final wet specimen mass, MTf. The
most accurate determination of the specimen dry mass and water content is found by drying the
entire specimen at the end of the test. If the soil sample is homogenous and sufficient
trimmings are available for the specified index testing, then determine the final water content,
wf, and dry mass of solids, Md, using the entire specimen.
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Calculations
1. Using the raw data from the summary table attached, create a plot of void ratio (e), versus
vertical stress (σ’v), then determine the compression index (Cc), recompression index (Cr), and
the preconsolidation pressure (σp).
2. Using the summary table, compute the coefficient of consolidation (CV) using the square root of
time methods for one normally consolidated loading cycle and one over consolidated loading
cycle.
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Instructor Notes
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Set up time for the instructor: 0 hours
Level of Difficulty for students: 3/5
Time to complete lab: 1 hour per group. Up to 3 groups of 3 can participate at the same time.

Lecture
This lab is designed as more of a show and tell than a traditional lab. The test cannot be conducted in a
normal lab time so the goal is to show the students how it is conducted and to give them a set of sample
data to work with.










Consolidation refers to the compression or settlement that soils undergo as a response to
placing loads on the soil. Pore water in the voids of saturated clays gets squeezed out, reducing
the volume of the clay and causing settlement.
Total settlement is the sum of settlement by distortion, primary settlement, and secondary
settlement.
𝑆𝑇 = 𝑆𝑣𝑑 + 𝑆𝑝𝑐 + 𝑆𝑠𝑐
Where Svd is the settlement by distortion, Spc is the primary settlement, and Ssc is the secondary
settlement. Settlement by distortion is caused by the movement of the clay particles. Primary
settlement is the dominant mode of settlement. Secondary settlement is also called creep; it is
very slow and can take many years to complete.
Loads increase the effective vertical stress.
Consolidation is a time-dependent process and can takes up to hundreds of years for some soils
to achieve complete settlement.
The consolidometer measures the consolidation of fine material. It will allow you to determine
the total amount of settlement, as well as the rate of settlement for a soil. Four important soil
properties are determined by the consolidation test:
1. Preconsolidation stress, σp’, the maximum stress the soil has “felt” in the past
2. Compression index, CC, Indicates the compressibility of normally-consolidated soil
3. Recompression index, Cr, Indicates the compressibility of over-consolidated soil
4. Coefficient of consolidation, Cv, Indicates the rate of compression under a load
increment
The compression index and recompression index are used to calculate total settlement of a soil
under a specific overburden pressure. The coefficient of consolidation is used to determine how
fast a soil will settle under a specific overburden pressure.

Draw a consolidation test example.
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Figure 7-1: Sample Consolidation Test




The curve compares void ratio of the soil to vertical stress imparted on the soil.
The curve is split into 2 parts: the overconsolidation or recompression curve and the virgin
curve. The overconsolidation curve is the first part of the curve where there is low vertical
stress imparted on the soil. This part of the curve represents pressures the soil has already felt
in its past. The slope of the overconsolidation curve is the recompression index, Cr. The virgin
curve is the second part of the curve where the vertical stress is high. This represents vertical
stresses that the soil has not felt yet. The slope of the virgin curve is the compression index, Cc.

Method to determine pre-consolidation pressure:
1.
2.
3.
4.
5.
6.

Determine the tightest radius on the preconsolidation curve and draw a horizontal line from it.
Draw a line tangent to the tightest radius of the preconsolidation curve.
Bisect the two lines drawn in step 1 and step 2.
Extend the virgin consolidation curve to where it intersects with the line drawn in step 3.
Draw a line vertical from the intersection of the lines drawn in step 3 and step 4.
The pressure at the intersection of the x-axis is the preconsolidation pressure, or the highest
pressure the soil has felt in its past.
7-120

Procedure
1. Assemble the ring with specimen, porous disks, filter disks (when applicable) and
consolidometer. If the specimen will not be inundated shortly after application of the seating
load, enclose the consolidometer in a loose-fitting plastic or rubber membrane to prevent
change in specimen volume.

Figure 7-2: Assembly of Consolidometer

The consolidation test takes too long for the students to complete in the lab. The procedure is given so
they know the steps that would be taken. Show them how the machine is set up so they can see how it
would work. There is a porous pad on both the bottom and the top of the consolidometer to allow water
to flow in both directions. In Figure 7-2, the first picture shows the sample ring. The second picture
shows the box where the sample ring is placed and the third picture shows the entire assembly put
together. The box allows water to keep the sample saturated. Unlike the direct shear machine, the
consolidometer has a data acquisition system (DAS) to record data from the test. Once the sample has
been placed in the consolidometer, attach the linear variable differential transformer (LVDT), which
measures displacement of the sample, to the top of the consolidometer. Turn on the DAS on the
computer. The DAS will ask for some sample properties which can be input before starting the program.
2. Place the consolidometer in the loading device and apply a seating pressure of 5 kPa.
Immediately after application of the seating load, adjust the deformation indicator and record
the initial zero reading, d0.
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Figure 7-3: Consolidometer Loading Device

Like the direct shear machine, the consolidometer creates the normal force using a swing arm.
3. If the test is performed on an intact specimen that was either saturated under field conditions
or obtained below the water table, inundate shortly after application of the seating load. As
inundation and specimen wetting occur, increase the load as required to prevent swelling.
Record the load required to prevent swelling.
The LVDT will tell you if the sample is swelling. If there is a negative displacement, swelling is occurring
and more load is required.
4. The specimen is to be subjected to increments of constant total stress.
5. The standard loading schedule shall consist of a load increment ratio of one, which is obtained
by doubling the pressure on the soil to obtain values of approximately 12, 25, 50, 100, 200, etc.
kPa.
The weights for the loading schedule are next to the consolidometer. Generally 7 to 10 load increments
are required to complete a consolidation test.
6. The standard rebound or unloading schedule should be selected by halving the pressure on the
soil. However, if desired, each successive load can be only one-fourth as large as the preceding
load. An alternative loading, unloading or reloading schedule may be employed that reproduces
the construction stress changes or obtains better definition of some part of the stress
deformation curve or aids in interpreting the field behavior of the soil.
7. Before each pressure increment is applied, record the height or change in height, df, of the
specimen.
The height change is recorded in the DAS. You have to manually input that a new load is being applied
so the DAS can record the height change for each load increment.
8. The standard load increment duration is 24 hours. Record the height or change in height at the
time interval. For some soils, a period of more than 24 hours may be needed to reach the end
of primary consolidation.
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Calculations
1. Using the raw data from the summary table attached, create a plot of void ratio (e), versus
vertical stress (σ’v), then determine the compression index (Cc), recompression index (Cr), and
the preconsolidation pressure (σp).
Show them the procedure to calculate these variables in the lecture portion of the class. The steps are
shown above in the instructor notes.
1. Using the summary table, compute the coefficient of consolidation (CV) using the square root of
time methods for one normally consolidated loading cycle and one over consolidated loading
cycle.
Cv changes based on the normal load applied on the sample. One example should be done for a point on
the overconsolidated curve and a point on the virgin curve. The equation for Cv using the square root of
time method is shown below.
𝐶𝑣 =

2
(0.197) ∗ (𝐻𝑑𝑟
)
𝑡50

Where Hdr = height of the drainage path
t50= time at 50% consolidation
The height of the drainage path needs to be calculated based on the initial height of the specimen and
the final displacement during that test. Because there are porous plates on both the top and the bottom
of the sample, the drainage height is the total height of the sample divided by 2 because the water can
drain out of both the top and bottom. The drainage height needs to be adjusted for the compression
that the soil has experienced. The sample test data includes the applied stress, displacement, void ratio,
percent strain, and t50.
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Soil Mechanics Lab
Consolidation Lab Report
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Introduction
Consolidation is the process by which fine soils decrease in volume by way of removing water under
applied stress. Consolidation of clays is a time dependent process and can cause building failure much
before the intended life span of the building. Buildings such as the Leaning Tower of Pisa were built
upon clays which have consolidated under the pressure and caused the famous failure, which draws
tourists from around the world. A consolidation test can tell many important soil characteristics
including the preconsolidation stress (σp’), recompression index (Cc), compression index (Cr) and
coefficient of consolidation (Cv). This lab runs through the basics of the lab procedure and provides a set
of data for consolidation calculations.
Procedure
First, the appropriate porous disk was selected based on the water content in the sample. The ring,
specimen and porous disks were placed in the loading device. A seating pressure of 5 kPa was applied
an the load indicator was adjusted and the initial zero reading (d0) was recorded. The loading was
adjusted to prevent swelling of the soil. Saturated specimens should be inundated in the
consolidometer.
Next, the specimen was subjected to increments of constant total stress. Each successive load was two
times as much s the previous load. The unloading schedule decreased the load by a factor a 4 to help
expedite the testing procedure. The height (df) was recorded before each load was applied. The height
was also recorded at 0.1, 0.25, 0.5, 1, 2, 4, 8, 15 and 30 minutes and 1, 2, 4, 8 and 24 hours to ensure
complete consolidation before the next load increment was added. The specimen was rebounded to
the seating load of 5 kPa to minimize swelling during disassembly. After dismantling, the ring and
specimen were removed from the consolidometer and the free water was wiped away. The mass of the
specimen was dried to determine the most accurate dry mass and water content.
Data and Results
Data from a completed test was given to determine soil characteristics. Table 7-1 shows the data used
in calculations and used to create the consolidation curve shown in Figure 7-4.

7-125

Table 7-1: Consolidation Test Data

Applied
Final
Stress Displacement void ratio
psf
250
500
1000
2000
4000
2000
1000
500
1000
2000
4000
8000
16000
32000
8000
2000
500

mm
-0.1314
-0.1097
-0.01919
0.187
0.5179
0.446
0.3481
0.2515
0.2739
0.3706
0.5389
0.889
1.467
2.452
2.162
1.725
1.327

0.767
0.766
0.759
0.745
0.722
0.727
0.734
0.741
0.739
0.732
0.721
0.697
0.657
0.589
0.609
0.639
0.666

t50
min
68.5
2.3
0.8
0.6
0.5
0.3
10.5
9.9
7.8
3.9
2.4
1.5
2.7
5.1
0.1
13
42.5

As shown in Table 7-1, the test ran though two loading and unloading cycles. These cycles are shown in
Figure 7-4 as number 2. The data from Table 7-1 was used to calculate the coefficient of consolidation
for two points on the consolidation curve. One point was on the over-consolidation curve and the
second point was on the normally consolidated curve. The Cv for the normally consolidated portion of
the curve was calculated to be 10.7 mm2/min and the Cv for the over-consolidated portion of the curve
was calculated to be 2.916 mm2/min. The coefficient of consolidation represents the rate of
consolidation for the soil. These values indicate that the clay would settle faster when acting as a
normally consolidated soil.
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Figure 7-4: Consolidation Curve

The consolidation curve was then used to calculate the compression index, Cc, the recompression index,
Cr, and the preconsolidation pressure, σp’. The compression index, which represents the compressibility
of normally consolidated soil, was found to be -.182 by finding the slope of line 1. The recompression
index, which represents the compressibility of over consolidated soils, was found to be -0.046 by finding
the slope of line 2. The pre-consolidation pressure, or the highest pressure the soil has felt in its past,
was found to be 5000 psf. This was determined by drawing a horizontal line and a tangent line, lines 3
and 5, from the tightest radius on the consolidation curve. These two lines were bisected (line 4) and
the intersection of the bisector and the compression index is the pre-consolidation pressure. This
pressure indicates where a soil will change from acting as an over-consolidated soil to acting as a
normally consolidated soil. Below 5000 psf, the soil void ratio will decrease less with higher vertical
stresses until it reaches the pre-consolidation pressure.
Calculations
Cv for Normal Loading cycle (1000 psf)
D50 =

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡+𝑓𝑖𝑛𝑎𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡
2

=

1.467+0.889
2

= 1.178 𝑚𝑚

Hdr = 0.5(H0 – d50) = 0.5(25.46-1.178) = 12.141 mm
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Cv =

2
0.197 ×𝐻𝑑𝑟
𝑡50

=

0.197 ×12.141𝑚𝑚2
2.7

= 10.7

𝑚𝑚2
𝑚𝑖𝑛

Cv for Over-consolidated loading cycle (16000 psf)
D50 =

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡+𝑓𝑖𝑛𝑎𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡
2

=

0.3481+0.446 𝑚𝑚
2

= .397 𝑚𝑚

Hdr = 0.5(H0 – d50) = 0.5(25.46-0.397) = 12.531 mm
Cv =

2
0.197 ×𝐻𝑑𝑟
𝑡50

=

0.197 ×12.531𝑚𝑚2
10.5 𝑚𝑖𝑛

Cc = slope of virgin curve =

(0.60−0..687)
log(

30000
)
10000

Cr = slope of recompression curve =

= 2.916

𝑚𝑚2
𝑚𝑖𝑛

= −0.182

(0.595−0.655)
log(

20000
)
1000

= −0.046

Conclusion
The one-dimensional consolidation experiment went well. Although there was not enough time in the
lab to conduct the actual experiment, getting the lab data and calculating important values from the lab
data were very beneficial. Consolidation testing is very important to geotechnical engineers because of
there are new projects going on all around the world. It is important to know how a soil is going to react
to those construction projects and if measures need to be taken to prevent building failure.
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